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This research has demonstrated that simple structural and potential models can qualitatively and quantitatively
predict properties in dense hydrothermal solutions of sodium chloride and water using molecular dynamics
simulation. ThePTpx behavior of simulated model systems at 250 bar and 21 wt % NaCl compared favorably
to experimental data from ambient to near-critical temperatures as represented by the ARilzgkaequation

of state. The system internal energy, including both dispersion and electrostatic contributions, was computed
for a range of temperatures from 177 to 727 at 250 bar and found to be realistic in terms of the known
thermodynamic properties of water. Radial distribution functions indicate little change in water structure
from ambient to near-critical temperatures but large changes in ion association consistent with experimental
observation. We found that varying system pressure from 250 to 1000 bar does not noticeably affect solution
structure or ion association at subcritical conditions.

Introduction solutions at supercritical conditions and established a baseline
] ) ] ) ) of qualitative results for supercritical solution structdife.
Aqueous NaCl solutions are found in chemical, industrial, {ymmer and collaborators examined a 21 wt % dense NaCl
geochemical, and biological processes, and as such have beefine at a single temperature and fixed dendftgs part of a
actively studied for over a century. However, recent develop- comparison of RISM, Monte Carlo (MC), and MD methods in
ments in supercritical water oxidation (SCWO) have created e development of a new reaction-field formulati similar,

new interest in the physical properties of these solutions at high 1,qre concentrated system at 28 wt % was simulated by Rode,
temperatures and pressures where far less data are available fqtom gaseous to liquid densities at subcritical temperatures,
engineering applications. giving a first look at ion association in low-density systems and
Several experimental studies have examined the solubility the overall effect on solution structure. More recently, Driesner
of sodium chloride, a common byproduct of SCWO processes, and collaborators have also studied ion association and hydration
and other studies have determined the phase behavior of sodiuntructure at concentrations of 1 molal NaCl and temperatures
chloride-water solutions near the solution critical pofnt? up to 317°C. 2! In another recent study, Brodholt has used the
Typically, data requirements for SCWO exceed what are SPC/E model to simulate NaCl solutions from infinite dilution
available from extensive hydrochemical studies, particularly in to 23 wt % at pressures up to 5000 BaThese studies give
the temperature range from 300 to 63D over pressures from  new insight into the behavior of high-temperature brines at high
200 to 400 baP:***3In addition to experimental measurements, densities. However, no molecular simulation study has com-
advances in computing power have made molecular simulation prehensively examined simple potential models under the
a viable technique for studying the structure and properties of conditions encountered during the treatment of chlorinated
hydrothermal, near-critical, and supercritical salt solutions. wastes in practical SCWO proces3é&st 13 Therefore, in this
Previous simulation studies have examined the behavior of study we aim to examine the behavior of such dense brines
pure water and watersalt systems at ambient and supercritical from near-ambient to supercritical temperatures at a pressure
conditions. The bulk of these studies have looked at supercritical of 250 bar.
ion solvation at infinite dilution and calculated potentials of In this study, the usefulness of simple models to simulate
mean force for isolated ion pairs. Smith and Dang examined complex macroscopic behavior of concentrated solutions was
Na—Cl ion pairs in both polarizable and rigid water simulation evaluated at hydrothermal conditions. In particular, we utilized
and compared dilute solutions to bulk water propefttashialvo the popular simple point charge (SPC) model for water and
and co-workers expanded the study of NGl ion pairs to examined the physical properties, solution structure, and ion
examine the effect of intermolecular potential models and to association in dense brines from near-ambient to supercritical
calculate the association constant and compare it to electricalconditions. Our goal was not to gather detailed statistics
conductance measuremetitdHarris and Cui used molecular regarding the behavior and performance of a particular inter-
dynamics (MD) and the rigid SPC model to estimate the molecular potential model in comparison to others, but rather
solubility and activity coefficients of NaCl in supercritical water to explore the use of molecular modeling in an engineering
and calculate the potential of mean force for the— X4 ion context.
pairl® Expanding the investigation to finite concentrations, . )
Cummings and co-workers examined the structure of SPC waterPotential Models and Computational Methods

In this study, the interactions between water molecules and
T Tel: (617) 253-3401. Fax: (617) 253-8013. E-mail: testerel@mit.edu. ionic species were modeled with the potential model introduced
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Sphere of diameter = 0.3166 nm TABLE 1. SPC Water—NaCl Model Parameters
....... Water—Water Potential

R atom o (nm) € (kd/mol) Rc q(e)
H - o) 0.3166 0.648 25 -0.82
; : e : H 0.1000 0.000 26 +0.41
"_ /O‘{’f"-% lon—Water Potentials (Using Geometric Mean Mixing Rule)
oo CH ion(X)  dox(M)  oux (M)  cox = enx (kI/mol)
* Na* 0.272 0.131 0.560
Cl- 0.355 0.214 1.504
Simple Point Charges IR . .
Structural Model lon—lon Potentials
Figure 1. Simple point charge (SPC) model for water. H—M parameter NaNa Na—ClI Cl-Cl
, : B; (kJ/mol) 4.0890x 10*  1.21x 10P 3.36x 10°
by Pettit and Rossk32 Work by Strauch and Cummingfshas o1 (nm) 00317 0.0317 0.0317

demonstrated the utility of this model for representing the . (k3/mol) 1.012x 104 6.744x 104 70.45x 10-4
dielectric properties of water. Pettit and Rossky used the rigid

SPC model for water introduced by BerendSefFigure 1) across system periodic boundary conditi#h3o account for

which includes a Lennard-Jones potential, centered on thelong-range interactions, we used the standard long-range cor-

oxygen site, with a well depth of 0.648 kd/mol and a core  \oign to the Lennard-Jones potential and the-sitee reaction
diametero of 0.3166 nm between oxygen centers. Point charges fie |4 of Hummer et al. to correct the Coulombic interactign.

O.f _(.)'826 at the oxygen center ard.4le at each hydrpgen The method replaces the sitsite Coulomb potential with an
site interact through an additional Coulomb potential and effective potential:

represent the permanent dipole moment of water of 2.22 D.

Thus,
D(r) .:ﬂl‘_i+r_2 (8)
q)(r)wateraterz (D(r)fengarck.]ones—i_ z q)(r)Coulombic (1) coutombie 477:60 r ZRC 2R03
site=site
where whereR. is the cutoff radius as described above. In addition,
each dipole with dipole momeunt contributes a self-energy of
oy\2  [o;\e —1/,d¢/R:2 to the total potential energy of the system to account
D()Lennard-Jones— 4€j T \r ) for the interaction with the dielectric continuum outside the
spherical volume defined by the cutoff radiis
o(r) L Lﬂ 3) The 21 wt % system of 216 SPC water molecules and 17
Coulombic ™ Are, T Na—Cl ion pairs used by Hummer et al. was a starting point
for this study!® The equations of motion were integrated with
whereeg is the vacuum permittivity k-1 mol nn1%), g the a 3.0 fs (3x 10715 s) time step using the Verlet algoritRfn
soft sphere diameter (nmg; the potential well depth (kJ/mol),  and the RATTLE techniq#@3! to maintain bond-length con-
andr the site-site interatomic separation (nm). straints and compute the net interactions on each rigid water

The ions also interact electrostatically through a Coulomb molecule3? Isothermal/isobaric simulations were performed
potential (eq 3), and a dispersion interaction captured with a using the NoseAndersen approaéh to maintain system
Huggins-Mayer potentie®® that uses specific parameters for pressure at 250 bar. System equilibration was checked by
sodium and chloride ions regressed from data derived from thetracking total potential energy and total system energy, and by

work of Fumi and Tost"?® Equations for the ionion inter-  dividing the simulation into 5000-cycle blocks to check the
actions are given as evolution of statistics over time. Statistical uncertainties (95%
confidence intervals) were calculated based on the total number
D(ion—ion = (I)(r)Huggins—Mayer+ .tz't D()coutombic (5) of independent configurations generated as determined by
sSite—site

velocity autocorrelation functions. At least 2500 or more
C. independent configurations were recorded for the calculation
D(puggins-Mayer = Bj exp(—r/pi(j) _TI;I (6) of radial distribution functions and structural information.
r Equilibration runs of 56-150 ps (1012s) preceded each 250
500 ps production run, corresponding to 50 000 or more sampled

where Cj is the attractive dispersion parameter (kJ/mol) and configurations.

Bj andpi(j’ are the soft core repulsion parameters (kJ/mol, nm).

The water-ion interactions use a Lennard-Jones potential .
with independent iorwater parameters and a Coulombic Simulation Results
interaction between the SPC charges in water and the ion

charges? Thus Physical Properties. Results of the isobaric/isothermal

simulations are given in Table 2. The system was equilibrated
_ O—ion at 250 bar, from 177 to 72°C (450 to 1000 K), with additional
P(Nuater-ion = P(iennara-sones Sitezsite(b(r)cou"’mbic (7) data points gathered at 125, 500, and 1000 bar at botf@77
(450 K) and 327°C (600 K) for comparison. A fixed-pressure
A complete set of potential parameters is listed in Table 1. ensemble was used to facilitate comparisons between the
Site—site interactions were neglected beyond a cutoff radius, simulations and existing experimental data, and to best ap-
R, of 0.95 nm (2.5;) to avoid double-counting interactions  proximate SCWO process conditions.
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TABLE 2: Average Total Dispersion and Electrostatic 1.0
Energy from MD Simulations (95% Confidence Intervals |
Indicated in Parentheses)
0.8 -
T(°C) P (bar) o (glcn?) [@gisg(kJ/mol) [ Deied (kI/mol)
177 250 1.05440.002) 1387.041.1) —22795 {+2.0) z
227 250  1.00840.002) 1380.741.5) —22007 (&1.8) § 06
277 250  0.951+40.003) 1340.041.3) —21363 {2.0) >
327 250  0.88840.002) 1306.74£1.8) —20751 {£2.3) 2 4
377 250  0.76440.005) 1289.442.7) —19815 {£5.3) s g prase+ Vobor | oo
402 250  0.69040.007) 1276.442.7) —19324 (5.9) Region ¢ iauid Region
427 250  0.57240.020) 1289.542.8) —18645 (7.7) 02 1 iy
452 250 ~0.39(>0.2)  n/d nic LL_V\
452 250 ~02%(>02) n/a nig : }
477 250  0.18840.001) 1314.242.9) —16266 (5.0) 0.0 : - - - :
527 250  0.14140.001) 1304.642.6) —15615 {£5.5) 300 350 400 450 500 550 600
727 250 0.080+40.001) 1344.443.0) —14216 (4.6) T(C)
. . e AP-EOS Subcritical Liquid Phase
aLarge density fluctuations observed nearlS-V boundary, no v AP-EOS Vapor Phase
single stable equilibrium state. . ﬁﬁ-ggg '(\JAOfxisttiglg Iﬂgui% F;PLase
< - etastable Liqui ase
500 S R 4 Molecular Simulation Results
\ — — S-L-V Boundary (450 °C)
Y l ------ L-V Boundary (402 °C)
\‘\‘ vapor-solid region | Figure 3. Comparison of experimental and molecular simulation results
L ] for the density-temperature behavior of SPC watétl wt % NaCl at
9 250 bar. Experimental values generated from the empirically fitted
g 450 _8 . Anderko—Pitzer EOS* provided by A. Anderkd® Arrows indicate
o liquid—vapor phase separation in AP-EOS results.
3
B o -liquid regi . . .
§ vaporiauid region aid- data from a wide range of experimental studies at 250 bar. Note
5t ol region the inverted vaperliquid dome present between 393 and 460
400 - ' and the vaporliquid to vapor-solid transition line that is
: independent of salt concentration. To assess the volumetric
o o | properties of the combined SPC wat®&aCl model system over
one phase fluid region C a wider range o Ppx; conditions, the AnderkePitzer equation
350’ T of staté* (AP-EOS) was used to interpolate existing experi-
0.01 0.1 Y 10 " 400 mental _hydr(_)thermal propertie; data for the NaBbO system
wi% NaCl and to identify phase boundaries. The AP-EQS, developed by

Andrej Anderko and Kenneth Pitzer, combines a theoretically
based dipolar hard-sphere formulation with an empirical cor-
rection based on extensive Nat,0 experimental data. The
AP-EOS accurately reproduces the properties of aqueous NaCl
solutions under the hydrothermal conditions of interest in this
study® A comparison of the AP-EOS generated data to
molecular simulation results is shown in Figure 3.

The most notable feature of this comparison is the significant

From the ensemble-average potential energies given in Tablecorrelation between the densityfemperature behavior of the
2, we can identify the basic thermodynamic behavior of the simulated and experimental systems as mapped on the phase
model. Below the 402C liquid—vapor boundary at 250 bar,  diagram. Experimental results at 250 bar (Figure 2) show two
the average dispersion energ®fsj/the average total Lennard-  transitions along the 21 wt % concentration line: the first a
Jones/HugginsMayer potential energy) decreases with increas- transition to a two-phase liquievapor region at 402C, and
ing temperature and decreasing density. Above 452®qisy]  the second a transition to a sefifluid supercritical region above
jumps discontinuously to a higher value. All of these dispersion 450 °C. The AP-EOS also captures these transitions. As seen
energies are positive, indicating a net repulsive interaction thatin Figure 3, the simulated system indicates a rapid drop in total
becomes less significant as density decreases. The discontinuitygystem density across 48, with profound structural instability
around 452C represents a fundamental change in the structurein simulations performed at this point. Visualizations of the
of the system-something that would be expected from a phase system above and below this point show that the density change
transition to a single supercritical fluid phase as indicated by is due to a shift from a single-phase bulk system with distributed
experiment (Figure 2). Ensemble-average energies for theions or ion pairs to a nonuniform system of clustered ions
452 °C point could not be estimated due to the inability to suspended in a less dense, nearly pure-water fluid phase. The
equilibrate the system to a stable, single-phase configuration.simulated data point at 452C has an unusual degree of
Generally, the ensemble average electrostatic potential energyuncertainty due to the great difficulty we had equilibrating the
[@ced,) increases with increasing temperature, representing thesystem. In fact, these simulations oscillated between two
transition from solvated ions to insoluble ion pairs. This metastable states, one corresponding to ion pairs and small ion
increasing electrostatic interaction continues from subcritical to clusters with a higher total density (similar to simulation results
supercritical conditions with no discontinuities. belowT = 452°C) and a lower-density system featuring a single

A typical T—x phase diagram for the Na€H,O binary large cluster of ions coexisting with supercritical vapor.
system at 250 bar is given in Figure 2. This phase diagram, Estimated densities for these two metastable states, taken from
taken from the work of Armellini and TestérgombinesT—x the instantaneous properties of the system recorded over time,

A Parisod and Plattner7
--- Pitzer and Pabalan8

¥ Olander and Liander 2

+  Khaibuliin and Borisov 10

v Armellini and Tester2

Figure 2. ExperimentalT—xyaci diagram for the HO—NaCl at 250

bar. Note the log scale for the NaCl composition (adapted from
Armellini and Tested).

—— compilation of Bischoff and Pitzer12
O Sourirajan and Kennedy 4
W Bischoff, et al®
@ estimated from Linke®
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are included in Table 2. Using the NesAndersen algorithm

to maintain constant temperature and pressure, we were not able
to converge to a specific stable equilibrium density in this
metastable regime.

Quantitatively, the densities reported by the simulation agree
well with experimental AP-EOS values at both lower and higher
temperatures. Figure 3 compares ensemble-average densities for
the SPC water system with three sets of EOS-generated
results: liquid-phase density, vapor-phase density, and the
density of a hypothetical metastable dense liquid state at the
given temperature and pressdrelVe see some difficulty in
modeling the two-phase region from 402 to 4%0, as the
simulation results form a continuous progression from the
liquid—vapor region to the solidvapor region and do not
capture direct phase separation behavior. This is expected, since
the relatively small 250-molecule system is not large enough 00 00 0'2 0' ' '
to demonstrate true phase separation behavior andNEBiE ' | Ar(nm)o 60810
constraints mandate a single phase because of Gibbs phase rul e 4. Water-water radial distribution functions for SPC water
considerations. Instead, we see a patrtial transition to a-solid 21 wt % NaCl MD simulations at 250 bar from 177 to 4%7. Note:
vapor state as the ion pairs form in solution and begin to form eachg(r) is shifted by the indicated amount.
clusters representing nuclei in the formation of a solid phase.
This result does not agree with the experimental AP-EOS
predictions for a metastable single-phase condition because our 18 -
simulations contain independent ions, which goes beyond the
assumption of fixed ion pairs (molecular NaCl) used by the AP- 16
EOS. In fact, we see a dense liquidlike phase appearing with
solid—vapor equilibrium characteristics as temperature increases.
To realistically model phase separation in this region, larger
multiphase simulations involving 1086000 molecules and
embedded interfacial structure are currently being studied and
the analysis of these systems is planned for a future publica- 8
tion 36

Configurational Solution Properties. For each combination
of atomic species, we calculated sitgte radial distribution 4 -
functions,go-o, go-Na o-cI, Ona-ci, tO capture structural trends
in the simulated solutions. Eacfir) was calculated from 2500
independent configurations extracted from the last 250 ps of 0
production. Simulated data were collected into 500 radially eo 02 0-4r(nm)0-6 08 10
oriented bins spaced in equal increments with radius-squared
(R?) scaling for production runs at 250 bar and temperatures
ranging from 177 to 727C (450 to 1000 K). Figures411
show the complete set of radial distribution functions generated
from these simulations.

Figures 4-7 illustrate the subcritical behavior of the system
at 250 bar, from 177 to 427C. Figure 4 shows little variation i )
in the water structure with temperature below the phase Figures 8-11 illustrate the structural aspects of the super-
transition point at 450C, with no significant change in the  critical fluid phase of the simulated system. Our calculated
position or magnitude of the first or second solvation shells in correlation functions once again reflect experimental phase

20

14

Figure 5. O—Na radial distribution functions for SPC wate21
wt % NaCl MD simulations at 250 bar from 177 to 42C. Note:
eachg(r) is shifted by the indicated amount.

and pass the phase transition point at 460and 250 bar (see
Figure 2).

go-o. Therefore, despite temperature changes of 25@Gnd behavior in the observed changes to the internal structure of
bulk density changes of 0.5 g/éma liquidlike structure is  the solution. The waterwater correlation functiongo-o,
maintained throughout the subcritical region. changes dramatically between 427 and 4T7 Attempts to

The water-ion correlation functions, given in Figures 5 and calculate correlation functions at 48€ were unsuccessful due
6, show only a slight decrease in the magnitude of first peak of t0 the density fluctuations discussed earlier. Again, we see a
go-na @andgo-c with increasing temperature, corresponding to  shift from a liquidlike structured state to a “combination” state
a decrease in the average number of water molecules in eactwith a correlation function that exhibits features of both

ion solvation shell. The calculategh_c| also shows a small  liquidlike (solvation shells) and supercritical-like (diffuse

broadening of the first peak, but no large-scale change in ion clusters) solution structures. This bifurcated condition may be

solvation behavior between 177 and 402 an artifact of the instability of monophase simulations in what
In Figure 7,gna—ci Shows a striking increase in ietion should be a two-phase region, since our small system will, at

association with increasing temperature, which is consistent with times, display structural properties characteristic of both ordered
a decrease in ion solubility with increasing temperature and liquids and vaporlike supercritical fluids. These very different
decreasing density. This RDF provides semiquantitative con- structural effects are intrinsically combined in the orientation-
firmation of a gradual transition from fully dissociated, solvated and time-averaged correlation function, resulting in a superposi-
individual ions to ion pairs and ion clusters as we approach tion of two RDF profiles. Thego-o(r) for 727 °C in Figure 8
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. . o . Figure 8. Water—water radial distribution functions for SPC water
Figure 6. O—CI radial distribution functions for SPC wate21l 21 wt % NaCl MD simulations at 250 bar from 402 to 7%7. Note:
wt % NaCl MD simulations at 250 bar from 177 to 42T. Note: eachg(r) is shifted by the indicated amount.
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Figure 7. Na-Cl radial distribution functions for SPC wate2l
wt % NaCl MD simulations at 250 bar from 177 to 37C. Note:
eachg(r) is shifted by the indicated amount.

Figure 9. O—Na radial distribution functions for SPC wate2l
wt % NaCl MD simulations at 250 bar from 427 to 72C. Note:
eachg(r) is shifted by the indicated amount.
Figure 11. In the iorion correlation functiongna-ci, the
contains only a single peak and reflects the structure of a magnitude of the first peak increases dramatically above 452
supercritical fluid with local clustering but no long-range °C, reflecting ion pairs that only associate as pairs or clusters
structure. of pairs. If you compare Figure 11 to the subcritical results in
The supercritical-state wateion correlation functionggo—na(r) Figure 7, you notice that, although the second peak diminishes
and go-ci(r), are pictured in Figures 9 and 10. Both sets of as we approach 452, once above the phase transition point
correlation functions show an overall increase in the magnitude we see a new, more pronounced second peak, as well as an
of the first peak up to 527C, then a decrease at 72C. Once elevated first minimum. This second peak is shifted outward
again, we see an increase in the first minimum and secondby 0.1 nm (1 A) from the subcritical results and increases in
maximum in each RDF, reflecting the combination of two magnitude as temperature increases and density decreases. This
effects: the increased association of ions at higher temperaturess consistent with the ordered clustering of ion pairs rather than
and lower densities, plus the continuing hydration of ions at distributed ions or isolated molecular NaCl. Molecular visual-
supercritical conditions, noticed by Cui and Haltiand other izations of selected steady-state configurations from the simula-
more recent simulation studiésThe absolute magnitudes of  tion confirm these configurational properties. All of these results
the 427°C g(r) plots, when compared with the infinite-dilution  are consistent with the type of phase transition observed
molecular NaCl (fixed NaCl bond length of 0.23 nm) results  experimentally, and future work intends to characterize the exact
of Cui at 427°C, 246 bar, show a decrease in the first peak by structure of these ion clusters near phase transitions.
a factor of 3 for both the ©Na and O-CI RDF. This decrease A concern in RDF analysis of this type is effects of possible
in ion hydration can be attributed to screening effects causeddensity gradients in a relatively small, periodic simulation box.
by high salt concentrations and the possible formation of ion- These characteristics have been noted by several atthors
pair clusters that would disrupt the hydration structure observed early example in water simulation research includes the simula-
in infinite-dilution ion pair studied®1° tion studies of the water liquigvapor interface performed by
lon association in the supercritical phase is illustrated in Townsend and Ric&, as well as the NaGlwater research
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0.0 0.2 0.4 0.6 0.8 1.0 Figure 12. Normalized radial density profiles for SPC water, 21
) o rinm) _ wt % NaCl MD simulations at 250 bar, subcritical (17€), and
Figure 10. O—CI radial distribution functions for SPC wate1 supercritical (527°C) temperatures.
wt % NaCl MD simulations at 250 bar from 427 to 72C. Note:
eachg(r) is shifted by the indicated amount. 8
850 7 327°C
325 :L i j 1000 bar
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0.0 0.2 0.4 0.6 0.8 10 Figure 13. Effect of pressure on watewater radial distribution
r (nm) functions, SPC water, 21 wt % NaCl MD simulations at 250 bar, 177
Figure 11. Na—ClI radial distribution functions for SPC water-21  and 327°C. Note: eacty(r) is shifted upward for clarity.
wt % NaCl MD simulations at 250 bar from 402 to 72C. Note:

eachg(r) is shifted by the indicated amount. separation on a length scale approaching the system box size,
published by Rod& In the Townsend study, transverse radial Similar to that shown in the vapor-phase results of Rded
distribution functions taken through regions with a significant €xplains the combination RDFs that contain information sug-
density gradient show similar elevated first and second minima. 9esting both liquid- and vaporlike phases exist during simulation
Townsend compares this to a hypothetical, homogeneous “low- Production. ,

density” water generated througdVT simulations of ST-2 To gauge the effect of pressure on the solution structure under

water. However, we believe that this is better explained by phaseSubcritical conditions, additional simulations were performed
separation within a small periodic system. To check this, we at250, 500, and 1000 bar at 177 and 3¢7Radial distribution

calculated the normalized sitsite radial density profilep(r), functions, given in Figure 13, indicate that the structure of water
from the 177 and 527C water-water radial distribution  does not change noticeably with pressure at these near-ambient
functions. density conditions with no shift in the position or magnitude of
the first or second peaks or). This trend is expected, as we
o(r) = (9o_o(r) — 1) x Amr? 9) know that the position of the first peak is largely a function of
the potential model rather than of the system density and that
At 177 °C, the density profile reaches a maximum near with no large density change, the solvation environment will

0.31 nm ¢ = 0o-0) and then exhibits a consistent oscillation not be greatly affected.

out tor = 1 nm and beyond. This demonstrates that in simulated )

systems approaching liquid density, the assumption gt Conclusions

— [p0asr approaches the system periodic boundary clearly  The utility of simple models and potentials for the study of
holds. However, at 527C, the density profile does not decay dense sub- and supercritical solutions containing 21 wt % NacCl
to zero within the limits of the periodic boundaries. In the has been demonstrated. For the quantitative prediction of single-
simplest terms, there is no large region within the simulation phase densities, we have achieved excellent results using
box that has a bulk density equivalent to the average density of constantNPTmolecular dynamics simulations of 216 SPC water
the entire simulation system. This reflects clustering or phase molecules and 17 ion pairs, both in replicating the subcritical
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regions of the phase diagram and in pinpointing an experimen-  p(r) = local density

tally determined SL—V boundary at 450C for the NaCt p = bulk density

H,0O system at 250 bar. A key difficulty with this method lies ®(r) = interatomic potential energy of interaction
in the restricted variance of the system. The Gibbs phase rule ¢ = Lennard-Jones soft-sphere diameter

requires a single-phase two-component system to be invariant ¢ = Lennard-Jones energy well-depth parameter

with three fixed ConStraintS’\(PT). Due to these reStriCtionS, r = site—site interatomic Separation distance
the two-phase region indicated in the experimental phase R = cutoff radius of interatomic potential
diagram and in the AnderkePitzer EOS cannot be directly €0 = vacuum permittivity

simulat(_ed, b_ut only _inferred through the system-scale_ density g = charge on an atom

fluctuations in the smula}ed system. Our results provide only , = dipole moment

a total-syst.em bulk density, .V\{h.ICh represents an average over B;j = Huggins-Mayer repulsive core parameter
smaller regions that may exhibit independent liquid- or vaporlike C; = Huggins-Mayer attractive parameter
characteristics. The net result is a smooth transition from the ¢ g .
single-phase, monovariapt-T curve through the two-phase pij =~ Hugglns—l.\/layer.repglsn./e core parameter
vapor-liquid region. Quantitative predictions for multiphase gi-j(r) = site—site radial distribution function
regions of this system represent a significant area for further
study, particularly if you consider that simulations of pure SPC
water usually transition to a supercritical phase at temperatures (1) Tester, J. W.; Holgate, H. R.; Armellini, F. J.; Webley, P. A.;
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; ; (3) Tester, J. W.; Marrone, P. A.; DiPippo, M. M.; Sako, K.; Reagan,
new questions about the thermodynamics of aqueous SaltM. T.; Arias, T. A.; Peters, W. AJ. Supercrit Fluids 1998 13, 225-240.

systems. N ) (4) Sourirajan, S.; Kennedy, G. @m J. Sci 1962 260, 115-141.
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mechanics of solvation at work, with individual ions gradually (11 Bischoff, J. L Pitzer, K. SAm J. Sci 1989 289, 217.
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structure below th.e solution phase trans_ition point at4soA (14) Smith, D. E.; Dang, L. XJ. Chem Phys 1994 100, 3757-3766.
gradual increase in the total electrostatic potential energy with  (15) Chialvo, A. A.; Cummings, P. T.; Cochran, H. D.; Simonson, J.
temperature, independent of density, reflects the thermodynamicsM-; mesg‘?r’SR-TEJHCh?mJP*gCSh1995E 103\8 9313;93‘?5-2749_2763
of this_ghange from SOlvaFed .ions to ion pai_rs. §17; Cﬂlrhm.ingi’s‘ Igirr‘ll'S C.ochr;nr?H.nI%.; gmongon,’l M.; Mesrﬁer, R.
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o . : . (23) Pettitt, B. M.; Rossky, P. J. Chem Phys 1986 84, 5836-5844.
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ion pairs. (25) Berendsen, H. J. C.; Postma, J. P. M.; van Gunsteren, W. F.;
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