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Molecular Dynamics Simulation of Limiting Conductance for
Li+ Ion in Supercritical Water using Polarizable Models

SONG HI LEE

Department of Chemistry, Kyungsung University, Pusan, 608-736 South Korea

(Revised April 2001; In final form July 2001)

We report results of molecular dynamics simulations of
the limiting conductance of Li+ ion in ambient water and
in supercritical water using polarizable models for water
and Li+. The limiting conductances of Li+ in ambient
water calculated from mean square displacement (MSD)
using four points transferable intermolecular potential
model (TIP4P), extended simple point charge model
(SPC/E), and revised polarizable model 1 (RPOL1) are
larger than the experimental value. The behavior of the
limiting conductance of Li+ in supercritical water using
the RPOL models results in good agreement with
experimental results for the limiting conductance of
LiCl. The agreement of the RPOL1 model with the
experimental results is much better than the RPOL2
model in the higher-density regime, whereas that of the
RPOL2 model is much better than the RPOL1 model in
the lower-density regime. Using the RPOL models (in
contrast to the SPC/E model), the number of hydration
water molecules around Li+ is the dominating contri-
butor to the limiting conductance in the higher-density
regime. In agreement with the SPC/E model, the
interaction strength between Li+ and the hydration
water molecules is a non-factor in the lower-density
region since the potential energy per hydration water
molecule decreases with decreasing water density at the
lowest water densities.

Keywords: Molecular dynamics simulation; Li+ ion; Polarizable
models; Supercritical conditions

INTRODUCTION

In the previous work [1,2], we reported molecular
dynamics (MD) simulations of NaCl, LiCl, NaBr, and
CsBr in supercritical water aimed at explaining
experimental observations of limiting conductance
as a function of the density of water at supercritical
state points using the extended simple point charge
model (SPC/E) [3] for water and literature-derived

ion–water potential parameters. We explained the
experimental observations in terms of a changing
balance between two competing factors—the effect of
the number of hydration water molecules around ions
and the interaction strength between the ions and the
hydration water molecules. The number of hydration
water molecules around ions was the dominating
factor in the higher-density region while the
interaction between the ions and the hydration
water molecules dominated in the lower-density
region. The competition between these two factors
was evident in the residence time of water in the first
hydration shell around the ions. The different effects
in the lower- and higher-density regimes led to
different slopes for the limiting conductances as a
function of density in the two regimes. In the cases of
Cs+ and Br2, however, in the lower-density region the
ion-hydration water interaction was not as dominant
as in the cases of Na+ and Cl2 since a clear difference
between the potential energy per hydration water
molecule at densities about and below 0.45 g cc21 was
not clearly observed in the cases.

Similar considerations of the residence time explain
the dependence of ion mobility on ion size at ambient
conditions, as reported in MD simulations of the
mobilities of the alkali metal ions (Li+, Na+, K+, Rb+,
and Cs+) and the halides (F2, Cl2, Br2, and I2) at 298 K
[4–6] using the SPC/E model [3] for water and ion–
water potential parameters. The residence times of
water in hydration shells around an ion were found to
decrease dramatically with its size. The classical
Solventberg model describes the mobility of Li+ ion in
water adequately but not those of the other ions. For
large ions, the steric effect due to large ion size and the
large number of hydration water molecules restrict
ionic mobility. As the size of an ion decreases, it
should diffuse more easily due to the smaller steric
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effect and the decreasing number of the hydration
water molecules. But for the small ions, the increase in
the interaction between an ion and the hydrated
water, reflected in the average potential energy per
hydration water molecule [5], strongly decreases
ionic mobility. This effect is seen in the residence time
of the water in the first hydration shell around the ion.

Good agreement with limiting conductance experi-
ments at supercritical conditions was found for all
salts except LiCl. Since the limiting conductance of
other chloride salts was well predicted, the poor
results for LiCl was clearly a reflection of the poor
prediction of that of Li+. The limiting conductance of
Li+ over the whole range of water density calculated
underestimated the experimental results [7] and
exhibited almost linear dependence for the limiting
conductance on the water density. The hydration
number for Li+ was nearly unchanged over the whole
range of water density, and the interaction between
the ions and the hydration water in the lower-density
region was almost a non-factor since the potential
energy per hydration water molecule monotonically
decreased with decreasing water density. This was
consistent with the linear increase of the limiting
conductance for Li+ ion with decreasing water
density. The slope of the residence time (versus
density) for Li+ in the lower-density region was
smaller than in the higher-density region, which was
also consistent with the behavior of the limiting
conductance for Li+.

A possible explanation for the failure to predict
the limiting conductance of Li+ accurately may be
the strong polarizing effect of Li+ due to its small
size. It is now widely accepted that many-body or
nonadditive interactions are important if one
wishes to quantitatively describe ionic interactions
[8–17]. The interaction of Li+ with water is
stronger than the interaction of Na+ with water
and thus nonadditive intermolecular effects for
water–water and ion–water can be expected to be
more pronounced in this system. A polarizable
potential model that explicitly includes the
electronic polarization energy by the use of MD
simulation method is the revised polarizable
(RPOL) model of Caldwell et al. [8].

In this paper, we extend our MD simulations of Li+

in supercritical water at 673 K to the RPOL model with
and without three-body interactions. In the following
section, we describe the technical details of MD
simulation. We present our results in the third section
and the concluding remarks in the fourth section.

MOLECULAR MODELS AND MOLECULAR
DYNAMICS SIMULATION DETAILS

The RPOL model [8] consists of the Lennard–Jones
(LJ) and electrostatic interactions, plus a nonadditive

polarization energy. The ion is represented by a
point-charge model including the polarizability
placed on the LJ center. The total potential of the
system, which includes the three-body term, is
given by

Utot ¼ Upair þ Upol þ U3-body: ð1Þ

The pair-additive potential is

Upair ¼
i

X
j

X
41ij

sij

r12
ij

2
sij

r6
ij

" #
þ

qiqj

rij
; ð2Þ

and the potential energy is

Upol ¼ 2
1

2 i

X
miE

0
i ; ð3Þ

where mi is the induced dipole moment, and E0
i is the

electrostatic field at atom i. The potential function
which describes the short-range repulsive three-
body interactions in the ion–water trimer is given as

U3-body ¼ A expð2br12Þexpð2br13Þexpð2gr23Þ; ð4Þ

where r12 and r13 are the ion–oxygen distances, r23 is
the oxygen–oxygen distance for the two water
molecules involved in the ion–water trimer, and A,
b, and g are the empirical parameters. During the
MD simulation, the induced dipole moment mi and
the total electrostatic field Ei at the polarizable center
are evaluated by the self-consistent-field method
using following expressions:

mi ¼ aiEi; ð5Þ

Ei ¼ E0
i þ

j–i

X
Tijmj; ð6Þ

E0
i ¼

j–i

X qjrij

r3
ij

; ð7Þ

and

Tij ¼
1

r3
ij

3rijrij

r2
ij

2 1

 !
; ð8Þ

where Tij is the dipole tensor, ai the polarizability
of atom i, rij the vector from atom j to i, and qj is
the charge at atom j. To solve Eqs. (5) and (6), the
traditional iterative approach was used with the
iteration continuing until the root mean square of
the difference in the induced dipole moment
between successive iterations was less than
0.01 D/atom. The self-consistency was usually
achieved within five iterative steps.

The potential parameters of RPOL models for
water and Li+ with and without three-body
interactions are compared with transferable inter-
molecular potential model (TIP4P) [18] and SPC/E
[3] models in Table I, and those for the three-body
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interactions are the same as those used in Ref. [15]:
A ¼ 3:975 £ 106 kJ mol21; b ¼ 3:20 �A21 and g ¼

0:10 �A21: We specify the RPOL model with the
three-body interactions as RPOL1 and that without
the three-body interactions as RPOL2. The Lennard–
Jones parameters for water and Li+ ion and the
polarizability parameter for water of the RPOL1
model [9,15] are slightly different from those of the
RPOL2 [16,17]. A spherical cutoff rc of half the
simulation box length was employed for all the pair
interactions. This is a simple truncation in which two
molecules are considered as interacting if the
distance between their centers is less than the cutoff
radius rc and the interaction is neglected if the
distance is larger than rc. This simple truncation of all
interaction for water containing a single ion was
shown by Perera et al. [19] to be comparable in
accuracy to the use of Ewald summation or reaction
field methods for the non-polarizable SPC and TIP4P
models. Although Perera et al. did not explicitly
consider the case of polarizable models, the total
dipole moment (permanent þ induced) of the RPOL
models at the ambient and supercritical state
conditions considered here is comparable to or less
than that of SPC or TIP4P. Thus, the conclusion that a
large spherical truncation is comparable in accuracy
to the Ewald sum method should be valid for the
present study. We compared the average dipole
moments of water and Li+ ion and other quantities
with and without Ewald summation [20,21]
in Tables II and IV. The differences are acceptably
small.

The experimental critical properties of water are
Tc ¼ 647:13 K; rc ¼ 0:322 g cc21; and Pc ¼ 160 bar
[22]. We chose the simulation state points for the
calculation of the limiting conductance of Li+, Tr ¼

T=Tc ¼ 1:05ð673 KÞ and at the reduced densities, rr ¼

r=rc ¼ 0:76; 1.07, 1.38, 1.66, 2.10, and 2.55, corre-
sponding to densities of about 0.22, 0.31, 0.40, 0.48,
0.61, and 0.74 g cc21 for the RPOL models; this
spans the range of densities around 0.45 g cc21 where

the clear change of slope from the assumed linear
dependence of limiting equivalent conductances of
LiCl [7].

We used Gaussian isokinetics [23–26] to keep the
temperature of the system constant and the
quaternion formulation [27,28] of the equations of
rotational motion about the center of mass of the
RPOL water molecules. For the integration over
time, we adopted Gear’s fifth order predictor–
corrector algorithm [29,30] with a time step 0:5 £

10215 s (0.5 fs). Each MD simulation of a single ion
system with 215 RPOL water were carried out for Li+

ion for 600 ps after equilibration of 300 ps. The
equilibrium properties are averaged over six blocks
of 200,000 time steps and the configurations of water
molecules and an ion are stored every 10 time steps
for further analysis.

The diffusion coefficient, Di, of each ion is
calculated from the mean square displacement
(MSD) and from the velocity auto-correlation
function (VAC), and the ion mobility is obtained by
ui ¼ Dizie=kBT ¼ DiziF=RT (Einstein relation) where
kB is the Boltzmann constant, R the gas constant,
F the Faraday constant, zi the charge on the ion in
units of the electronic charge e, T is the absolute
temperature, and i ¼ þ and 2 . The limiting
conductance of each ion can be calculated from l0

i ¼

uiziF: The total limiting conductance of LiCl is the
sum of each ion: l0 ¼ l0

þ þ l0
2:

RESULTS AND DISCUSSION

First, we compare our results for Li+ at 298 K and
1 atm using TIP4P, SPC/E, RPOL1, and RPLO2
models in Table II. The results for SPC/E model is the
same as Ref. [5] but those for TIP4P model were
recalculated using the simple truncation for all the
pair interactions since the previous result [4] had an
artifact effect due to the use of Steinhauser switching
function [31].

TABLE I Comparison of potential parameters for TIP4P, SPC/E, and RPOL models with and without three-body interactions

Model Atom type s (Å) e (kJ mol21) q (e) a (Å)

TIP4P O 3.154 0.6487 – –
H – – +0.52 –
M – – –1.04 –
Li+ 1.260 26.14 +1.0 –

SPC/E O 3.169 0.6502 20.8476 –
H – – +0.4238 –

Li+ 1.505 0.6904 +1.0 –
RPOL1: with
3-body interaction

O 3.169 0.6485 20.730 0.465

H – – +0.365 0.135
Li+ 1.506 0.6904 +1.0 0.029

RPOL2: without
3-body interaction

O 3.196 0.6694 20.730 0.528

H – – +0.365 0.170
Li+ 1.700 0.6904 +1.0 0.029
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The hydration number n is found by integrating
the water number density from the inner to the outer
boundary of the first solvation shell [32]:

n ¼ 4pr

ðb

a

gioðrÞr
2 dr; ð9Þ

where r is the bulk water number density, a the point
at which the ion–oxygen radial distribution function
gioðrÞ first rises from zero, and b is the point at which
the first minimum in gioðrÞ occurs. The residence time
of the hydrated water is a useful quantity to
elucidate the environment around the ion. The
residence time correlation function is defined by [4,5]

Rðr; tÞ ¼
1

Nr

XNr

i¼1

½uiðr; tÞuiðr; 0Þ�; ð10Þ

where uðr; tÞ is the Heaviside unit function, which is 1
if a water molecule i is within a spherical region of
radius r within the first hydration shell of the ion and
0 otherwise, and Nr is the average number of water
molecules in this region r at t ¼ 0: The characteristic
decay time (residence time), t, is obtained by fitting
the time correlation function to an exponential decay
kRðr; tÞl ¼ expð2t=tÞ; which is useful particularly
when t is large.

The introduction of the polarization into the water
and ion models changes dramatically the energetics
of the ion–water system. The average water–water
potential energies in the RPOL models are smaller
than that of the SPC/E model ð239:6 kJ mol21Þ but
are compensated by the average polarization
energies of water to give 240.5 and 245.6 kJ mol21,
respectively, for RPOL1 and RPOL2. The experi-
mental water–water potential energy is pure water is
241.5 kJ mol21 [33] and the calculated water–water
potential energy in pure water using the SPC/E
model is 241.5 kJ mol21 [5]. The average polariza-
tion energies of Li+ in the RPOL models are too small
due to its small polarizability. The effect of the
average three-body interaction energy on the
behavior of the Li+ ion in the RPOL1 model is
larger than the simple sum ð2682 kJ mol21Þ of the
average three-body interaction energy and average
ion–water potential energy when compared with
the average ion – water interaction energy
ð2693 kJ mol21Þ in the RPOL2 model, since the
average ion–water interaction energy is considered
for the interactions between the ion and all the water
molecules while the three-body interaction is for
those between the ion and a few nearest water
molecules. This is consistent with the smaller
residence time of the hydration water and the larger
limiting conductance of Li+ in the RPOL1 model than
in the RPOL2 model.

The limiting conductances of Li+ in ambient water
calculated from MSD using the TIP4P, SPC/E,T
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and RPOL1 models are larger than the experimental
value (38.7 S cm2 mol21), whereas that using the
RPOL2 model is smaller than the experimental
value. TIP4P water has a large hydration number as
discussed in the previous paper [2] and the
hydration numbers around the Li+ ion in the other
three water models are almost the same. The Li+ ion
in the TIP4P water is more restricted than in the
SPC/E water which reflects that the water number
effect dominates in the TIP4P model as the hydration
number indicates while the interaction effect
dominates in the SPC/E model as the potential
energy per hydration water molecules and the
residence time indicate. The average ionic potential
energies of the RPOL models become smaller than

that of the SPC/E model due to the polarization. The
polarization of water rather than that of Li+ ion has
the direct effect of decreasing the average ion–water
potential energy and the residence time of the
hydration water. The repulsive three-body inter-
action decreases the residence time of the hydration
water further and increases the molar conductance of
Li+ ion.

The diffusion coefficients Di and the molar
conductances l0

i of Li+ calculated from MSD and
VAC at infinite dilution in supercritical water at
673 K using the SPC/E. RPOL1, and RPOL2 models
are listed in Table III. The limiting conductances of
Li+ calculated from the MSD are compared in Fig. 1.
The limiting conductances of LiCl calculated using

TABLE III Diffusion coefficient D and molar conductance l 0 of Li+ at infinite dilution in supercritical water at 673 K calculated from mean
square displacement (MSD) and velocity autocorrelation function (VAC) using SPC/E, RPOL1, and RPOL2 models

Model r (g cc21)
D (1025 cm2 s21) l 0 (S cm2 mol21)

MSD VAC MSD VAC

SPC/E 0.22 31.6 ^ 4.9 31.9 ^ 5.0 526 ^ 82 531 ^ 83
SPC/E 0.31 30.2 ^ 1.6 30.9 ^ 2.1 502 ^ 27 514 ^ 35
SPC/E 0.40 28.1 ^ 5.6 28.4 ^ 5.5 468 ^ 93 472 ^ 92
SPC/E 0.48 25.4 ^ 3.1 25.1 ^ 2.9 423 ^ 52 418 ^ 48
SPC/E 0.61 22.5 ^ 3.8 22.6 ^ 4.4 374 ^ 63 376 ^ 73
SPC/E 0.74 18.3 ^ 3.0 18.4 ^ 3.3 305 ^ 50 306 ^ 55
RPOL1 0.22 42.5 ^ 3.8 43.4 ^ 3.5 707 ^ 63 722 ^ 58
RPOL1 0.31 41.8 ^ 1.8 42.6 ^ 1.8 695 ^ 30 709 ^ 30
RPOL1 0.40 41.1 ^ 3.2 41.4 ^ 2.9 684 ^ 53 689 ^ 48
RPOL1 0.48 37.5 ^ 1.6 37.8 ^ 1.3 624 ^ 27 629 ^ 22
RPOL1 0.61 29.6 ^ 2.5 29.5 ^ 2.5 492 ^ 42 491 ^ 42
RPOL1 0.74 25.9 ^ 1.9 26.1 ^ 2.2 431 ^ 32 434 ^ 37
RPOL2 0.22 35.9 ^ 3.6 36.3 ^ 3.8 597 ^ 60 604 ^ 63
RPOL2 0.31 34.9 ^ 2.9 35.1 ^ 3.2 581 ^ 48 584 ^ 53
RPOL2 0.40 34.1 ^ 4.4 34.2 ^ 4.4 567 ^ 73 569 ^ 73
RPOL2 0.48 29.9 ^ 1.5 29.9 ^ 1.8 497 ^ 25 497 ^ 30
RPOL2 0.61 26.1 ^ 2.2 25.9 ^ 2.3 434 ^ 37 431 ^ 38
RPOL2 0.74 21.3 ^ 2.0 21.1 ^ 2.0 354 ^ 33 351 ^ 33

FIGURE 1 Limiting molar conductances of Li+ at infinite dilution as a function of density of supercritical water at 673 K.
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the three different models are compared with the
experimental result in Fig. 2, in which the limiting
conductances of Cl2 are obtained from our pre-
viously study [1].

In Fig. 1, the behavior of the limiting conductances
of Li+ using the RPOL models show two different
slopes as a function of water density, respectively, in
the higher- and in the lower-density regime (above
and below 0.45 g cc21). This is very similar to the
behavior of the limiting conductance of Cs+ using the
SPC/E model [2]. But the limiting conductance of Li+

using the SPC/E model shows almost a linear
behavior over the whole range of water density
except at 0.22 g cc21. This behavior of the limiting
conductances of Li+ using the RPOL models results is
in good agreement of the limiting conductances of
LiCl with the experimental results as shown in Fig. 2.
The agreement of the RPOL1 model with the
experimental results is much better than the RPOL2
model in the higher-density regime, whereas that of
the RPOL2 model is much better than the RPOL1
model in the lower-density regime. This suggests
that the three-body interaction plays an important
role in the higher-density regime. The calculated
limiting conductance of Li+ using the RPOL1
model in the lower-density regime overestimated
the experimental results [7] but exhibited a clear
change of slope from the assumed linear dependence
of limiting conductances as a function of the water
density like the RPOL2 model. This suggests the
importance of the polarization effect in explaining
the behavior of Li+.

Several thermodynamic, structural, and dynamic
quantities have been calculated and listed in Table IV.
Figure 3 shows that the average ionic potential

energies ðUion ¼ Ui–w þ UpolðLiþÞ þ U3-bodyÞ for Li+

ion using the three models decrease nearly linearly
with decreasing water density except for a relatively
sudden decrement at the lower water densities.
Table IV also lists the hydration number of water in
the first solvation shell around Li+ ion using the three
models. Figure 4 shows that the hydration numbers
for Li+ ion using the three models are monotonically
decreasing with decreasing water density, but the
slopes for Li+ using the RPOL models are very
different from that for Li+ using the SPC/E model.
The change in the hydration number for Li+ using the
SPC/E model (4.1–4.2) and using the RPOL models
(4.0–4.5) is very small when compared with that for
Na+ (4.7–5.7) or for Cs+ (6.2–8.7) using the SPC/E
model.

The ionic potential energy per hydration water
molecule, defined as the average ionic potential
energy divided by the hydration number, for Li+

using the three models is also listed in Table IV. The
previous studies [1,2] showed that in the cases of Na+

and Cl2 using the SPC/E model, the difference
between these potential energies at densities above
and below 0.45 g cc21 was clearly observed. These
potential energies for Cs+ and Br+ using the SPC/E
model increased linearly with decreasing water
density over the whole range of water density and,
moreover, the slopes were the same in the ranges of
density above and below 0.45 g cc21. This is largely
due to the slopes of the hydration numbers for these
four ions in the ranges of density above and below
0.45 g cc21. In the case of Li+ using the SPC/E model,
the average ionic potential energy decreased linearly
with decreasing water density as shown in Fig. 3
and the hydration number is nearly unchanged in

FIGURE 2 Limiting molar conductances of LiCl at infinite dilution as a function of density of supercritical water at 673 K.
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the whole range of water density as shown in Fig. 4.
As a result, ionic potential energy per hydration
water molecule decreased linearly with decreasing
water density over the whole range of water density
as shown in Fig. 5. The ionic potential energy per
hydration water for Li+ using the RPOL models
increases and then decreases with decreasing water
density. The linear increase of the ionic potential
energy per hydration water molecule with decrea-
sing water density deviates at the lowest water
densities. This is mainly due to the sudden decrease
of the ionic potential energy at these water densities
as shown in Fig. 3 since the hydration number

decreased nearly linearly with decreasing water
density over the whole range of water density as
shown in Fig. 4. The energetics of the RPOL models
is more complicated than that of the SPC/E model.
The polarization energy of water (divided by the
number of water) and the three-body interaction
energy decrease with decreasing water density,
while the polarization energy of Li+ increases with
decreasing water density even though its magnitude
is very small compared with the polarization energy
of water.

There were two important competing factors in the
explanation of the limiting conductance of NaCl in

FIGURE 4 Hydration number for Li+.

FIGURE 3 Ionic potential energy for Li+, Uion ¼ Ui–w þ UpolðLiþÞ þ U3-body:
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supercritical water at 673 K—the number of
hydration water molecules around ions and the
interaction between the ions and the hydration water
molecules. In the cases [1] of Na+ and Cl2 using the
SPC/E model, the effect of the number of hydration
water molecules around ions dominated in the
higher-density region while the interaction strength
between the ions and the hydration water molecules
dominated in the lower-density region. The same
explanation appears to apply for the limiting
conductances [2] of Cs+ and Br2. In the case of Li+

using the SPC/E model, the interaction strength

between Li+ and the hydration water molecules in
the lower-density region is almost a non-factor since
the potential energy per hydration water molecule
monotonically decreasing with decreasing water
density. In the case of Li+ using the RPOL models, the
effect of the number of hydration water molecules
around Li+ dominates in the higher-density region as
was observed in the cases for Na+, Cs+, Cl2, and Br2

ions, but the effect of the interaction strength
between Li+ and the hydration water molecules is
again a non-factor as is in the case for Li+ using
SPC/E model in the lower-density region since

FIGURE 6 Residence time for Li+.

FIGURE 5 The ionic potential energy per hydration water molecule, defined as the ionic potential energy divided by hydration number
for Li+.
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the potential energy per hydration water molecule
rather decrease with decreasing water density at the
lowest water densities.

The residence times for Li+ using the three models
are also listed in Table IV and plotted in Fig. 6. The
sudden decrement of the calculated residence times
for Li+ using the RPOL model at the lowest water
density coincides with the sudden decrement of the
average ionic potential energies per hydration water
as shown in Fig. 5.

CONCLUDING REMARKS

In this study, we have recalculated the limiting
conductances of Li+ in ambient water and in
supercritical water using polarizable models [8] for
water and the Li+ ion. The introduction of the
polarization into the water and ion models changes
dramatically the energetics of the ion–water system
and the limiting conductances of Li+ calculated from
MSD in ambient water using TIP4P, SPC/E and
RPOL1 models are larger than the experimental
values. The polarization of water rather than that of
Li+ ion has the direct effect to decrease the average
ion–water potential energy and the residence time of
the hydration water. The repulsive three-body
interaction decreases the residence time of the
hydration water further and increases the molar
conductance of Li+ ion. The behavior of the limiting
conductances of Li+ in supercritical water using the
RPOL models [8] results in good agreement between
the simulated limiting conductances of LiCl and the
experimental results. The agreement of the RPOL1
model with the experimental results is much better
in the higher-density regime but that of the RPOL2
model is much better in the lower-density regime.
This suggests that the three-body interaction plays
an important role in the higher-density regime. From
the analyses of the hydration number of water in the
first solvation shell around Li+ ion and the average
ionic potential energy per water molecule, the effect
of the number of hydration water molecules around
Li+ dominates in the higher-density region as is the
case for Na+, Cs+, Cl2, and Br2 ions, but the effect of
the interaction strength between Li+ and the
hydration water molecules is again a non-factor as
is the case for Li+ using SPC/E model in the lower-
density region since the potential energy per
hydration water molecule decreases with decreasing
water density at the lowest densities.
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