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The solvent effects on the relative free energies of solvation and the difference m partition coefficients (log P)
for Rb™ to K™ mutation in several solvents have been investigated using Monte Carlo simulation (MCS) of sta-
tistical perturbation theory (SPT). In comparing the relative free energies for interconversion of one 1on pair,
Rb™ to K*, in H:O (TIP4P) in this study with the relative free energies of the computer simulations and the ex-
penmental, we found that the figure in this study 15 -3.00 £ 0.11 kecal/mol and those of the computer simulations
are -5.40 £ 1.9, -5.5. and -5.4 kcal‘'mol. The experimental 1s -5.1 kcal‘mael. There 1s good agreement among var-
ious studies, taking into account both methods used to obtain the hydration free energies and standard devia-
tions. There is also good agreement between the calculated structural properties of this study and the
simulations. ab initio and the experimental results. We have explamned the deviation of the relationship between
the free energy difference and the Onsager dielectric function of solvents by the electron pair donor properties
of the solvents. For the Rb™ and K™ ion pair, the Onsager dielectric function of solvents (or selvent permittivity),
donor number of solvent and the differences in solvation dominate the differences in the relative free energies

503

of solvation and partition coefficients.

Introduction

The study of metal ions in solution is one of the most active
areas in solution chemistry due to the large number of physi-
cochemical and biochemical properties directly controlled or
indirectly conditioned by ionic eftects in many tields of
chemistry, biochemistry, and chemical engineering! ™ Due to
the large number of particles forming these systems and the
variety of different interactions established, computer simu-
lations represent a particularly adequate theoretical tool for
understanding and predicting the physicochemical proper-
ties of those solutions at the microscopic level®* Under-
standing the phenomena related to the solvation of ionic
species has been an important quest in chemical physics, and
of course in many related field, where this phenomenon has
a relevant role. Many interesting problems in biomolecular
and biomimatic chemistry involve interaction with metal (or
other) ions in one way or other.

Cyclacenes and collarenes’ are known to behave as iono-
phores and receptors. These molecules interact with cations
by the cation-7 interaction'®* discovered by Doughterty and
his coworkers.!” The differences in cationic affinity for cycla-
cenes and collarenes are interesting issues. Cyclodepsipep-
tides are often present in biological systems, many of which
are complexing agents for alkali and alkaline earth metal cat-
ions.!! The differences in cationic affinity for amide carbo-
nyl groups or ester carbonyl groups in cyclodepsipetides are
also interesting issues. Theretore, it is important to investi-
gate their structure as well as binding energetics with cat-
ions. And complexing agents like crown ethers and cryptands
are also known to effect a dramatic change in the interaction

of cations with their counterions.?

'Corresponding author. Tel: +82-522-279-3176, Fax: +82-522-
277-1538, E-mail: hskim{@mail.ulsan-c.ac.kr

To understand those questions and phenomena, we need
information on cation stability ordering in solution. This could
be obtained from the relative free energies of ion mutation in
solution. Several statistical mechanical procedures have evolved
for computing free energy differences. Two particularly prom-
ising approaches are umbrella sampling'*!" and a perturba-
tion procedure!®*® in which one ion is mutated into the other.
The ability to accurately calculate solvation free energies of
molecules using perturbation procedure is one of the impor-
tant and recent developments in computational chemistry?®
The distribution of an ion binding organic solute between
polar or less polar and non-polar media is an important
parameter for structure-activity analyses in pharmacological
research.*"** Many procedures have been devised to esti-
mate the logarithim of the partition coefficient (log?) for a
solute between water and solvents®!

It is known that solvent effects often play an important
role in determining equilibrium constants, transition states and
rates of reactions, z-facial selectivity, conformations, and other
quantities of chemical, chemical physics and biochemical
interest.

But, few studies of solvent effects on both the relative free
energies of solvation and the difference in partition coeffi-
cients (log P} for alkali metal ions are available.

In this study, we have studied solvent effect on intercon-
version of one alkali metal ion pair, RB" to K, using Monte
Carlo simulations with statistical perturbation theory (SPT).
The following solvents were selected: O (TIP3P, TIP4P
models), CHCk, CH:CN, THF, CH-OH, CCL, CH:Clz, MeOMe,
and C:Hs. They were chosen becausethey have the variety
of the solvent properties and the availability of potential
function parameters® The fundamental and theoretical ap-
proach to computing solvent effect on differences in parti-
tion coefficients as well as the relative free energies is, for
the first time, explored based on fluid simulations at the
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atomic level for those ions in this study. This study provides
some insight into solvent effect on not only variations of the
AG, and AG> components in Eq. (5) and helps assess the via-
bility of this solvent effect approach to estimating Alog P.
This study also provides additional interests of the solvent
effect on equilibrium constants, transition states, rates of the
organic reaction, 7-facial selectivity,'® conformations, and the
other quantities of chemical, biochemical interest and chem-

ical-physics.
Computational Procedure

The procedure used here is similar to that employed to
study interconversion of organic solutes and ions muta-
tion.>™** The modeled systems consisted of the ion plus 260
solvent molecules in a cubic cell with periodic boundary
conditions. First, the Monte Carlo simulations are described,
including a summary of the method for computing the rela-
tive free energy changes and then a brief discussion of the
potential functions is given.

Monte Carlo Simulations. Monte Carlo simulations were
carried out in the isothermal-isobaric ensemble at 25°C and
latm for systems typically consisting of the ion plus 260 sol-
vent molecules in a cubic cell with periodic boundary condi-
tions. The free energy changes,AG, and AG», were obtained
via a series of 5 separate simulations with SPT-"*” In Monte
Carlo simulations with SPT, we used doublewide sampling:’

The perturbation approach is based on Eq. (1);*

G, —G_f-=—kBT1n(exp(—(Et—E})ikBT))} (N

in which 4z is Boltzmans constant , 7'is the temperature, £ is
the total potential energy for the full system./ and ;. The free
energy difference between a reference system,/, and a per-
turbed system, {, is given as a function of the average energy
difference between the two systems® The notation < ->;
implies that the configurational sampling is based on the ref-
erence system.

If one considers the thermodynamic cycle below for two
ions, A and B, in two solvents, log £ for the ions is defined
in Eq. (2) and (3) in terms of the free energies of transfer.

ent 1: —— B
solvent 1: A AG\(AB)
AGH4) « AG(B)
ent 2 —— B
solvent A AGAAB)
AG1(A) = -2.3RT logP, (2)
AG(B) =-2.3RT logPs (3)
From the cycle, Eq. (4) is obtained, which vields Eq. (5).
AG(B) - AG(A) = AGAAB) - AG1(4B) (4)

AlogP = logPp — logPy = (AGI(AB) — AG:(4B))/2.3RT (5)
The last expression associates the difference in logP’s with
the difference in free energies for mutating A to B in the two
solvents.

AG and AG: are available from Monte Carlo simulations
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in which A is mutated to B in the solvents. Computations of
this type have been used in a range of applications, including
some preliminary results for relative partition coefficients:®

[t may be noted that absolute log P's could also be computed

by directly calculating the fiee energy of transfer. This would
require taking the difference in absolute free energies of sol-
vation for the 1on, which could be obtained from simulations
in which the ion is made to vanish in the two solvents'!*?

In this study, each simulation entailed an equilibration period
for 1x 10° configurations starting from equilibrated boxes
of solvent, followed by averaging for 2x 10 configurations.
Little drift in the averages was found during the last 1x 10°
configurations.”” Metropolis and preferential sampling were
employed, and the ranges for attempted translations and rota-
tions of the solute and solvent molecules were adjusted to
give an approximately 45% acceptance rate for new configu-
rations.”’

Intermolecular Potential Functions. The solvent-solvent
and ion-solvent interactions were described by potential func-
tion in the standard Lennard-Jones plus Coulomb format
(Eq. 6).

AE=3 Y (qg;e’lry + Ayirij = Cylrif) (6)
¢ i

The ion and molecules are represented by interaction sites
located on nuclei that have associated charge, ¢; and Len-
nard-Jones parameter &; and &. Standard combining rules
are used such that 4; = (4,4} and C; = (C;C;)'”. Further-
more, the 4 and C parameters may be expressed as A; =
4g0" and C; = 4&6°, where ¢ and ¢ are the Lennard-Jones
radius and energy terms and /7 and ; indices span all of the
solvents and water sites.

The OPLS (optimized potential for liquid simulation)
potential parameter for the ion and solvents are used and
those are based on a united-atomn model?®** However, the
TIP4P and TIP3P model has been used for water’*

The charges and Lennard-Jones parameters have been select-
ed to yield correct thermodynamic and structural results for
pure liquids** They are listed in Table 1. The results were
obtained from Monte Carlo simulations using well-estab-
lished procedures 2*** In all the calculations, the bond lengths
and bond angles have been kept fixed. The intermolecular
interactions, 7.e. long-range forces, were spherically trun-
cated at 8.5, 10, 12.0 A, depending on box-sizes of the sol-
vents and the reaction field method was used?

Results and Discussion

Relative free energies. To explore solvent effect on the
differences in partition coefficients as well as the relative
free energies for interconversion of one ion pair, RB to K',
obtained from a Monte Carlo statistical simulation study, we
computed the relative free energy of O (TIP4P) for com-
parison with the experimental and computer simulations of
H>O. We have also computed those in the other solvents.

The relative free energies for interconversion of one ion
pair, Rb™ to K~, from the present calculations along with the
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Table 1. OPLS potential parameters for several solvents

Solvent site q, ¢ cA £ keal fmol
:O(TIP4P) ow 0.0000 3.1536 0.1550
HW 0.5200 0.0000 0.0000
HW 0.5200 0.0000 0.0000
M -1.0400 0.0000 0.0000
HaO{TTP3P) Ow -0.8340 3.1506 0.1521
HW 04170 0.0000 0.0000
HW 04170 0.0000 0.0000
CH:CN C 0.2800 3.6500 0.1500
N -0.4300 3.2000 0.1700
CH: 0.1500 3.7750 0.2070
CH:OH 0 -0.7000 3.0700 0.1700
H 0.4350 0.0000 0.0000
CH; 0.2650 3.7750 0.2070
CH:Cl: CH: 0.5000 3.8000 0.1180
Cl -0.2500 3.4000 0.3000
Ql -0.2500 3.4000 0.3000
THF 0 -0.5000 3.0000 0.1700
CH; 0.2500 3.8000 0.1180
CH: 0.0000 3.9050 0.1180
CH: 0.2500 3.8000 0.1180
CH:- 0.0000 3.9050 0.1180
MeOMe 0 -0.5000 3.0000 0.1700
CH: 0.2500 3.8000 0.1700
CH: 0.2500 3.8000 0.1700
CHCl; CH 0.4200 3.8000 0.0800
cl -0.1400 3.4700 0.3000
Cl -0.1400 3.4700 0.3000
Cl -0.1400 3.4700 0.3000
cClL C 0.2480 3.8000 0.0500
Cl -0.0620 3.4700 0.2660
Cl -0.0620 3.4700 0.2660
Cl -0.0620 3.4700 0.2660
Cl -0.0620 3.4700 0.2660
Cally CHl; 0.0000 3.9050 O.1180
CH; 0.0000 3.9050 0.1750
CH, 0.0000 3.9050 0.1750

“M is a point on the bisector of HOH angle, 0.15 A from the oxygen
toward the hydrogens.

computer simulations are listed in Table 2. The relative free
energies of solvation versus the Onsager dielectric function
of solvent (permittivity) are plotted in Figure 1. The com-
puted ordering of the free energies of solvation in several
solvents is GiHy = CCly > CHCL » CHiCl; > MeQOMe >
THF > H:O(T1P4P) > CH:CN = H:O(TIP3P) = CH,OH.
‘This comes about by the change in solvation free energies
for A going to B which is more favorable in CHOH than in
the polar and less polar or non-polar solvents AG| < AG?).
As shown in Figure 1, the relative free energies of solva-
tion vs. the Onsager dielectric function of solvent have two
groups. One decreases with increasing Onsager dielectric
function of solvents. This trend of the relative free energies
of solvation could be explained by the differences in solva-
tion. The other trend is that of CHHOH. CH:CN. THF and
MeOMe. The relative free energies of solvation RB/K" pair
in CH;0H, CH:CN, THF and MeOMe could be explained
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Table 2. Relative Gibbs Free Encrgics (kcal/mol) of solvation in
several solvents and permittivity(€} and Onsager dielectric function
(e=172e- 1) of solvents

Solvent AG(Rb —K") e e—1/2e-1
HO(TIP3P) -5.57+0.06 78.3 0.490
H:O(TIP4P) -5.00+0.11 78.3 0.490
H:O(rigid SPC)’ -540+1.9 78.3 0.490
H-O(LD-CS82)" -5.5 78.3 0.490
1.0(SPCY* -54+19 783 0.490
Fxperiment! -5.1 8.3 0.490
CH:CN -5.06+0.07 36.64 0.480
CH:OH -5.8310.08 32.66 0477
CH:Cl: -2.70£0.05 8.93 0420
THF -4.99 £ 0.11 7.58 0407
MeOMe 4.86+0.06 5.02 0.364
CHCl; -1.12+0.03 4.81 0.359
CcClL -0.62 +£0.03 2.23 0.225
C3Hy -0.28 £0.02 1167 0.144

“ref, 38. "ref. 39, 'ref, 40, “ref 1. “Gaussian98 Uscrs Reference 1998,
pl62. 273K data from “Handbook of Chem. & Phys." 71" Ed. C.R.C.
Press 1990.

AG(kcal/mol)

-7 T T T T
0.1 0.2 0.3 0.4 0.5 0.6

Onsager dielectric function

Figure 1. Plot of relative Gibbs free cnergy of solvation vs.
Onsager dielectric function of solvents at 298 K and 1 atm.

by the fact that the strong ion-solvent interactions exist in
CH:OH, CH:CN, THF and MeOMe solutions even though
the Onsager dielectric function of CHOH, CH;CN. THF
and MeOMe are small. The strong ion-solvent interactions
in CH;OH. CHaCN, THF and MeOMe solutions are due to
the electron pair donor properties of the solvents to ion.i.e..
donor number (D3N} of CH;OH, CH;CN., THF and MeOMe
established by Gutmann*

In the absence of strong hydrogen bonding, the molecule
or ion with the larger dipole moment could be expected to be
more favorably solvated™ The Rb /K™ pair in C:Hy provides
a striking exception that points out the importance of local
electrostatic interactions or higher multipole moments?’ The
computed difference in free energies of solvation for ions in
C:Hy is comparatively small.

Clearly. the replacement of the stronger ion-solvent inter-
actions with the weaker ion-dipole interactions is responsi-
ble for the decreasing effect.

Comparing the relative free energies for interconversion of
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the solute ions, Rb™ to K7, in H-O (T1P3P) in this study with
those in refs. 38, 39, 40 and 1. That of HO (T1P4D) is
-5.00+ 0.11 kcal/mol in this study, that in ref. 38 is -5.40
+ 1.9 kcal/mol, obtained from hydration free energies of R§
{-75.5 £ (0.9 kcal/mol) and K (-80.9 + 1.0 kcal/mol), that of
experiment in ref. 1 is -5.1 kcal/mol. that in ref. 39 is -38.8
kcal/mol, obtained from hyvdration free energies Rb (-75.4
kcal/mol) and K* (-80.9 kcal/mol) and that in ref. 40 is -5.40
kcal/mol obtained, from hydration free energies of and RY
(-75.5 £ 0.9 keal/mol) and K (-80.9 £ 1.0 kecal/mol), respec-
tively. There is good agreement among several studies if we
consider both methods used to obtain the hydration free
energies and standard deviations. From this comparison, the
computed data for the other solvents are expected to be reli-
able. The relative free energies for interconversion of one
ion pair. Rb" to K*, in H>O (TIP3P) are smaller than that of
H>O (T1P4P). This difference of solvation could be explained
by the difference in polarity between two-water models. The
trend of binding energies of cyclodepsipeptides and [n] col-
larenes with those ions obtained by ab initio are coincident
with our results for the relative free energies of hydration®!!

Partition cocfficients. The calculated logarithms of sol-
vents/ water [HO (I'IP3P)] partition coefficients are listed
in Table 3. If contributions from internal degrees of freedom
are ignored, AG, and AG: in Eq. 5 are just the difference
between free energies of solvation for A and B. For example,
if solvent 1 is CH:OH and solvent 2 is the polar and less
polar or non-polar solvent, larger values of log? imply that
the change from Rb" to K™ results in greater affinity for
CH:OH over the polar and less polar or non-polar solvent.
And larger values of Alog £ indicate that the change from
Rb* to K" results in increased affinity for the CHiOH over
the other solvents. We could not compare the data from this
study with previously published results because there were
no studies for logarithms of solvents/CHOH partition coef-
ficients for interconversion of one ion pair, RE/K".

[t is necessary to note that the sign and magnitude of the
calculated Alog £’s closely parallel the relative free energies
of solvation. 'This reflects the limited variation in the free
energies of solvation in GHy relative to the other solvents
and emphasizes the dominance of the free energies of solva-
tion in defermining, the partitioning behavior in other sol-
vents versus CiHy.

Structural properties. The solvention structure can be

Table 3. Ditterences in the logarithms of solvents/CHOH partition
coeflicients

Solvent log Pr — log P
H.O(TIP3P) 0.19
H.O(TIP4P) 0.61
CH,CN 0.56
CHCD 2.30
THF 0.62
MeOMe 0.71
CHCls 346
cCy 3.83
C;Hg 4.08
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~

Figure 2. C'omputed radial distribution function between (3 o
1120 {T1P4P) and ion converted from Rb to K™, Distances are in
angstroms throughout.

characterized through radial distribution functions (rdfs),
£.(r), which give the probability of finding an atom of type/
a distance r from an atom of type a. The calculated rdfs of
atom-Rb*/K” ion are shown in Figure 2 to Figure 6 and have
been sorted into four patterns, according to the solvents. The
positions of the first maximum in ion-(O, N, Cl and CH) in
solvents obtained from rdfs are listed in Table 4(a). They
decrease when Rb™ ion transforms to K* ion in all solvents.
The numbers of solvent molecules in the first coordination
shell of Rb/K* ions can be evaluated by integrating ion-(O,
N, Cl and CH>) in solvents rdfs to their first minimum. See
Table 4(a). The number of solvent molecules in the first
coordination shell of Rb /K" ions also decreases when Rb
ion transforms to K* ion in all solvents except for CHCk.

‘Ihe rdfs of atom-Rb"/K™ ion in solvents that have O atom
display two well-defined peaks, whereas the RE ion trans-
form to the K' ion. In the first rdf’s pattern shown in Figure 2
to Figure 3, the atom (Q) in solvents-Rb/K* ion hydrogen
bonding is reflected in the high. first peak in rdfs. But asA
increases, the maximum peak positions of O-RB/K” ion rdfs
move to the smaller r value as shown in Figure 2 to Figure 3,
and the intensity of the maximum peak of O-RbE/K" ion rdfs
increases. This means that the O-ion bonding features become
stronger as A increases and Rb™ ion smoothly transformns to
K* ion.

Experimental data of the ion-solvent structure in RE and
K* ions aqueous solutions are essentially limited to the first
shell. In Table 4(b) and (c), the positions of the first maxi-
mum in ion-oxygen rdf’s obtained from this study are com-
pared with various simulations, ab initio and the experimental
results.**** "There is good agreement between our results and
the simulations. The results of this study are uniformly good.
Interestingly, the optimized bond lengths in small ion-mole-
cule clusters using function from ab initio calculations agree
well with the aqueous K solution.*® Rao and Berne have
noted that local solvation structures in aqueous ionic solu-
tions are similar to those in relatively small clusters?

‘The calculated coordination numbers for ions in aqueous
solutions are also compared with the computer simulations
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Table 4. Structural results for the first shell
(a) Structural properties of Rb' /K’ ion in several solvents

Solvent Rb'ion K’ ion
Ri(A) Coordination Ri(A) Coordination
Number Number
H:(O(TIP3P) 2.8 7.0 27 6.3
FLO(TIP4P) 2.9 7.6 28 74
CH;OH 2.8 6.0 2.7 6.0
TIIF 29 7.1 28 7.0
McOMe 29 6.5 28 6.3
Rin(A)  Coordination Rix{A)  Coordination
Number Number
CH:CN 29 7.5 2.8 74
(Rig1) (A) Coordination (Ric1) (A)  Coordination
Number Number
CH:Cla 3.2 4.5 31 4.0
CHCl; 3.5 2.4 34 27
CClL 5.1 4.8 3.7 -
Ricu{A) Coordination Riyii(A)  Coordination
Number Number
C1Hg 3.0 5.0 4.8 4.1

(b) Structural properties of Rb' and K' ions in water (TIP4P)

Rb* K™ ion
Ton-Oxygen Distance( A)lon-Oxygen Distance(A)
This work 2,90 2.80
Agivst 2.89 2.75
Heinzinger® —~ 2.80
Lee and Rasaish’ 2.90 2.79
Exp./ 2.88 2.80
Kollman® - 27
Kiny" - 2.83
Chang and Dang* - 2,75
Ton-Hydrogen Distancc(A)Ion-hydrogcn Distanca(A)
This work 340 34
Heinzinger” - 352
Dang® - 335

Coordination Number  Courdination Number

This work 7.6 7.4
Lee and Rasiash” 7.8 7.2
Exp.”/ - 6.0,7.0
Kollman® - 4-5
Kim* - 6.0
Chang and Dang* - 7.3

“ref, 38. fref. 41. *ref. 42, “ref. 1. ‘ref. 43. ‘ref. 44. “ref. 45.

and the experimental results in Table 4(b) and (c). Both the
calculated and the experimental results are sensitive to the
definition of coordination number. A wide range of experi-
mental hydration numbers is available from mobility mea-
surements.”’ These values correspond to the number of
solvent molecules that have undergone some constant criti-
cal change due to the ion, a change that is susceptible to
measurement by a particular experimental technique. Such
hydration numbers are often quite different from coordina-
tion numbers based on a structural definition. like those from
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a(n

Figure 3. C'omputed radial distribution function between (3 o
CH;OH and ion converted from RbE w0 K™,

diffraction experiments.*

Mezei and Beveridge obtained their values by integrating
the ion-center of mass of water rdf’s up to the minimum of
the first peaks*® These values will not be significantly dif-
ferent if they are based on ion-oxygen rdf’s. This is a
straightforward definition and this has been adopted for all
the calculated values for those ions. For the present results,
the coordination number is reported on the basis of integra-
tion to the minimum after the first peak in the ion-oxygen.
As shown in Table 4 (b) and (c), the calculated coordination
numbers from the ion-oxygen rdf’s compare favorably with
the various simulations, ab initio and experimental results
taking into account the problems in the definition. Based on
this comparison, the computed structural properties data in
the other solvents are expected to be reliable

‘The second pattern of the rdf's of the O-atom in solvents-
Rb™/K* ion displays one well-defined peak, while the Rb
ion is transformed to the K" ion as shown in Figure 4. But
the O atom in solvents- Rb /K" ion bonding is also reflected
in the high, narrow first peak in the rdfs. AsA increases, the
maximum peak positions of the O atom in solvents- RB/K”
ion rdfs also move to the smaller r value as shown in the first
pattern rdfs. The intensity of the maximum peak of the G

20

15 1

10 A

a(

Figure 4. Computed radial distribution function between G o
THI and ion converted from Rb to K7,
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g(r)
N

Figure 5. Computed radial distribution function between Cl o
CH-Cl» and ion converted from Rb to K.

atom in solvents- Rb /K" ion rdfs has also increased. This
also means that the O-ion bonding features becomestronger
as A increases and the Rb" ion smoothly transforms to the K
ion.

The third pattern of the rdf's of the Cl atom in solvents-
Rb*/K ™ ion displays two broadly defined peaks. whereas the
Rb* ion transform to the K ion as shown in Figure 5. Butthe
Cl atom in solvents- Rb"/K™ ion interactions is reflected
more in the broader first peak in the rdfs than in the first
peak of the previous pattern rdfs. AsA increases, the maxi-
mum peak positions of the Cl atom in solvents- R6/K" ion
rdfs also move to the smaller r value as shown in the first
pattern rdfs and the intensity of the maximum peak of the Cl
atom in solvents- Rb /K" ion rdfs have also increased. This
means that the solvent-ion interactions become stronger asA
increases, and the Rb" ion smoothly transforms to the K
ion.

The last pattern of the rdf’s is shown in Figure 6. In Figure
6. the rdf’s of the Cl in the solvents- Rb/K™ ion display one
broadly defined peak, and the Rb' ion transforms to the K*
ion. The Clin the solvents- Rb /K" ion weak interactions is
reflected in the broader peak in the rdfs than in the first peak
of the previous pattern rdfs. As A increases, the maximum
peak positions of the Cl in solvents- RE/K" ion rdfs also
move to the smaller r value, as shown in the first pattern rdfs
and the infensity of the maximum peak of the Clin solvents-
Rb*/K™ ion rdfs have also increased. This also means that the
solvent-ion interactions are becoming stronger asA increases
and the Rb™ ion smoothly transforms to the K ion.

Conclusion

From this study we conclude that Monte Carlo simulations
using SPI is a good approach to estimating changes in logP
that accompany ion transformation,.e. Rb" to K™ ion muta-
tion. We have compared the relative free energies for inter-
conversion of one ion pair, Rb to K™, in H2O (1[P4P) in this
study with the published works. That of HO (T1P4P) is
-5.00 £ 8.11 keal/mol in this study. those of the published
works are -5.40 = 1.9 kecal/mol, -5.1 kecal/mol, -38.8 keal/
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Figure 6. Computed radial distribution function between Cl o
CCly and 1on converted from Rb to K'.

mol and -5.40 kecal/mol. respectively. There is good agree-
ment among several studies if we consider both methods
used to obtain the hydration free energies and the standard
deviations. We have also explained the deviation of the rela-
tionship between the free energy difference and Onsager dielec-
tric function by the electron pair donor properties of the
solvent. The calculated radial distribution functions (rdf) of
atom-K"/Na~ ion have been sorted into four patterns accord-
ing to the solvents. There is also good agreement between
the calculated structural properties in this study and the com-
puter simulations, ab initio and experimental results. For the
present ion pairs, the Onsager dielectric function (or solvent
permittivity), donor number of the solvent and the differ-
ences in solvation dominate the differences in the relative
free energies of solvation and partition coefficients.

‘The results, in this study. obtained from the Monte Carlo
simulations with SP1" appear to be a promising approach to
providing estimates of the effects of solvent changes on par-
titioning behavior of ion pairs between polar solvent and the
less polar or non-polar solvents. The results in this study also
appear useful in providing the association properties of iono-
phores and cyclodepsipeptides with alkaline metals.
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