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We recently developed an angle-dependent Wertheim integral equation theory �IET� of the
Mercedes-Benz �MB� model of pure water �Silverstein et al., J. Am. Chem. Soc. 120, 3166 �1998��.
Our approach treats explicitly the coupled orientational constraints within water molecules. The
analytical theory offers the advantage of being less computationally expensive than Monte Carlo
simulations by two orders of magnitude. Here we apply the angle-dependent IET to studying the
hydrophobic effect, the transfer of a nonpolar solute into MB water. We find that the theory
reproduces the Monte Carlo results qualitatively for cold water and quantitatively for hot water.
© 2007 American Institute of Physics. �DOI: 10.1063/1.2779329�

I. INTRODUCTION

Understanding solute-solvent interactions in aqueous so-
lutions is important for biology and chemistry. Several im-
portant reviews have been published on this subject.1–10 The-
oretical models of various degrees of sophistication have
been developed to capture the anomalous properties of water
and of aqueous solutions �for review, see Refs. 11 and 12�.

The principal challenge in modeling the physics of water
comes from the orientation-dependent hydrogen bonding in-
teractions, particularly from the strong coupling between dif-
ferent hydrogen bonding arms within a given water mol-
ecule. Much of liquid theory is applicable either to
molecules, such as argon, for which the interactions are cen-
trosymmetric, or to dipolar fluids, which have simple un-
coupled orientation-dependent interactions. It has been much
more challenging to develop analytical ways to treat coupled
orientational interactions in liquids. In order to have a work-
bench to develop theory for such situations, it is useful to
have a model having the same orientational physics prob-
lems that real water was, and yet is simplified enough to be
well understood through, say, Monte Carlo computer simu-
lations. The simplified model that is of interest here is the
Mercedes-Benz model. The Mercedes-Benz �MB� model13 is
one of the simplest and best-understood models of water.14–20

MB molecules are two-dimensional Lennard-Jones disks
having three hydrogen bonding �HB� arms, arranged as in
the Mercedes-Benz logo. Constant-pressure Monte Carlo
simulations have shown that this simple model predicts
qualitatively the density anomaly, the minimum in the iso-
thermal compressibility as a function of temperature, the
large heat capacity, and the experimental trends for the ther-
modynamic properties of solvation of nonpolar solutes.15

Here, we describe a more analytical approach to nonpo-
lar solvation in water. We have previously studied the MB
model of pure water by two different analytical approaches:
�1� averaging over orientations �which we call the orienta-
tionally averaged approach� and �2� where orientations are
treated explicitly. In particular, in previous work21–23 Wer-
theim’s theory for associating fluids24,25 was applied to the
MB model of water through a thermodynamic perturbation
theory24,25 �TPT� and an integral equation theory
�IET�.23,24,26 We found that both of these analytical ap-
proaches, using an orientational averaging approximation,
are in semiquantitative agreement with the Monte Carlo
simulation results for the temperature dependence of the mo-
lar volume, isothermal compressibility, thermal expansion
coefficient, and heat capacity. IET also correctly predicts the
pair correlation functions of MB model water. However, in
general, we found that the orientationally averaged treatment
of the Ornstein-Zernike equation tends, not surprisingly, to
be most accurate for high temperatures and less accurate for
cold water, where water structuring from hydrogen bonding
is stronger.

More recently, to overcome those limitations, we have
also developed a treatment based on an Ornstein-Zernike
equation that can explicitly handle the orientations of one
molecule relative to another.23 This orientationally specific
theory is based on the expansion of the two-particle correla-
tion functions in a complete set of orthogonal functions.27–32

It performs better than the orientationally averaged theory
for pure water. Here, we apply this orientationally specific
treatment to nonpolar solvation. One advantage of these IET
approaches to water, both in the pure state and as a solvent,
is that it is about two orders of magnitude faster than brute
force Monte Carlo simulations.
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II. THE MODEL

We consider here a mixture of two-dimensional MB wa-
ter molecules with nonpolar solutes. The nonpolar solute
molecules were modeled as Lennard-Jones disks with no hy-
drogen bonding arms. Each MB water molecule is repre-
sented as a two-dimensional Lennard-Jones disk with three
arms separated by an angle of 120° �see Fig. 1�.15 The inter-
action potential between two MB particles is a sum of a
Lennard-Jones term and a HB term,

U�Xi,X j� = ULJ
11�rij� + UHB�Xi,X j� , �1�

where rij is the distance between centers of particles i and j
and Xi denotes the vector representing the coordinates and
the orientation of the ith particle.

ULJ
ij �rij� = 4�LJ

ij ���LJ
ij

rij
�12

− ��LJ
ij

rij
�6� , �2�

where �LJ
ij is the well depth and �LJ

ij is the contact parameter
between ith and jth particles. The hydrogen bonding part of
the interaction potential is

UHB�Xi,X j� = �
k,l=1

3

UHB
kl �rij,�1,�2� , �3�

where UHB
kl describes the interaction between two arms of

different molecules,

UHB
kl �rij,�1,�2� = �HBG�rij − rHB�G�ikuij − 1�G�jluij + 1� .

�4�

Expressing the scalar products explicitly gives the following
form of the HB potential:

UHB
kl �rij,�i,� j�

= �HBG�rij − rHB�G�cos��i + �2�/3��k − 1�� − 1�

�G�cos�� j + �2�/3��l − 1�� + 1� , �5�

where k and l index the different arms �A=1, B=2, and
C=3� and G�x� is an unnormalized Gaussian function,

G�x� = exp�−
x2

2�2� . �6�

Further, �HB=−1 is an energy parameter and rHB=1 is a char-
acteristic hydrogen bond length. uij is the unit vector along
rij and ik is the unit vector representing the kth arm of the ith

particle, where �i is the orientation of ith particle, as shown in
Fig. 1. The strongest hydrogen bond occurs when an arm of
one particle is collinear with the arm of another particle and
when the two arms point in opposite directions. The water-
water Lennard-Jones �LJ� well depth �LJ

11 is one-tenth of HB
interaction energy �HB and the Lennard-Jones contact param-
eter �LJ

11 is 0.7rHB. Since the three hydrogen bonding arms of
one particular MB molecule are labeled A, B, and C, that
molecule can be in any one of eight different states: i.e., it
can have zero hydrogen bonds with other molecules, or a
single hydrogen bond, A-, B-, C-, two hydrogen bonds, AB-,
AC-, BC-, or it can have all three hydrogen bonds, ABC-.

The nonpolar solutes are modeled as Lennard-Jones
disks without hydrogen bonding arms. In a recent Monte
Carlo study of the MB hydrophobic effect,17 the solution was
taken to be infinitely dilute so that only the solvent-solute
interactions were specified. In the present IET and TPT cal-
culations, we explored low but finite concentrations of solute
in water. The solute-solute interaction is described by Eq.
�2�. The standard Lorentz-Berthelot rules33 were assumed in
calculating the solute-water and solute-solute interactions as
the solute size parameter �LJ

22 changed from 0.1rHB to 4.0rHB.
The LJ well depth �LJ

ij was the same for all interaction pairs
and as above equal to one-tenth of HB interaction energy
�HB.

III. THEORY

In this section we extend the orientation-dependent ver-
sion of Wertheim’s multidensity Ornstein-Zernike �OZ�
equation introduced in our previous paper23 to describe a
mixture of MB water and nonpolar solute molecules. We
present a multidensity theory suitable for a two-dimensional
mixture of molecules with multiple bonding arms and mol-
ecules without bonding sites.

A. Orientation-dependent OZ equation

We define the center of particle 1 as the origin of the
coordinate system and the center of particle 2 is separated
from the center of 1 by a distance r12. The angles �i are
measured with respect to the intermolecular axis �see Fig. 1�.
We expand the correlation functions in a complete set of
orthogonal functions.23,29,30 We expand z�� as

z���r,�1,�2� = �
m,j=−L

L

z���r,m, j�exp�i�m�1 + j�2�� . �7�

While the summation in this expression formally extends
from minus to plus infinity �L→��, in most cases only a
small number of coefficients is needed �typically L is less
than 9� for a good representation of the fluid structure and
thermodynamics. The expansion coefficients in k space
ẑ�k ,m , j� are linked to z�r ,m , j� by the relation

ẑ���k,m, j� = 2�im+j�
0

�

z���r,m, j�Jm+j�kr�rdr , �8�

FIG. 1. The MB model of water. Two MB water molecules separated by a
distance r12. The angles that the molecules make with the intermolecular
axis are �1 and �2.
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where Jp denotes the pth order Bessel function of the first
kind. The Ornstein-Zernike equation can be written in matrix
form as23

ĥ = ĉ + ĉ−�ĥ . �9�

Finally, it is convenient to write Eq. �9� in terms of function

t̂= ĥ− ĉ as

t̂ = �I − ĉ−��−1ĉ−�ĉ . �10�

t̂, ĥ, and ĉ are matrices of the form

ẑ =	
ẑ0,0

11 ẑ0,A
11 ẑ0,B ẑ0,C

11 ẑ0,AB
11 ẑ0,AC ẑ0,BC

11 ẑ0,ABC
11 ẑ0

12

ẑA,0
11 ẑA,A

11 ẑA,B ẑA,C
11 ẑA,AB

11 ẑA,AC ẑA,BC
11 ẑA,ABC

11 ẑA
12

ẑB,0
11 ẑB,A

11 ẑB,B ẑB,C
11 ẑB,AB

11 ẑB,AC ẑB,BC
11 ẑB,ABC

11 ẑB
12

ẑC,0
11 ẑC,A

11 ẑC,B ẑC,C
11 ẑC,AB

11 ẑC,AC ẑC,BC
11 ẑC,ABC

11 ẑC
12

ẑAB,0
11 ẑAB,A

11 ẑAB,B ẑAB,C
11 ẑAB,AB

11 ẑAB,AC
11 ẑAB,BC

11 ẑAB,ABC
11 ẑAB

12

ẑAC,0
11 ẑAC,A ẑAC,B

11 ẑAC,C
11 ẑAC,AB

11 ẑAC,AC
11 ẑAC,BC ẑAC,ABC

11 ẑAC
12

ẑBC,0
11 ẑBC,A

11 ẑBC,B
11 ẑBC,C

11 ẑBC,AB
11 ẑBC,AC

11 ẑBC,BC
11 ẑBC,ABC

11 ẑBC
12

ẑABC,0 ẑABC,A
11 ẑABC,B

11 ẑABC,C
11 ẑABC,AB

11 ẑABC,AC ẑABC,BC
11 ẑABC,ABC

11 ẑABC
12

ẑ0
21 ẑA

21 ẑB
21 ẑC

21 ẑAB
21 ẑAC

21 ẑBC
21 ẑABC

21 ẑ22


 . �11�

In this expression, ẑ�,�
11 , ẑ�

12, ẑ�
21, and ẑ22 are matrices of dimensionality �2L+1�� �2L+1� defined as ẑ�m , j�= ẑ�k ,m , j�. ĉ− is

matrix of the same dimensionality defined as ĉ−�k ,m , p�= ĉ�k ,m ,−p� and � is the matrix of partial densities,

	 =	
	1I 	1I 	1I 	1I 	1I 	1I 	1I 	1I 0

	1I 0 �	1x2/x1
2�I �	1x2/x1

2�I 0 0 �	1x3/x1x2�I 0 0

	1I �	1x2/x1
2�I 0 �	1x2/x1

2�I 0 �	1x3/x1x2�I 0 0 0

	1I �	1x2/x1
2�I �	1x2/x1

2�I 0 �	1x3/x1x2�I 0 0 0 0

	1I 0 0 �	1x3/x1x2�I 0 0 0 0 0

	1I 0 �	1x3/x1x2�I 0 0 0 0 0 0

	1I �	1x3/x1x2�I 0 0 0 0 0 0 0

	1I 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 	2I


 , �12�

where I denotes the identity matrix, 	1 is the density of MB
water, and 	2 is the density of the solute molecules. The
physical meaning of the partial densities xi of the bonding
sites is as follows: x1 is the fraction of nonbonded particles at
one particular arm �arm A, for example�, x2 is the fraction of
nonbonded particles for two selected arms �arms B and C,
for example�, and x3 is the fraction of particles not bonded to
any arm. They are calculated by procedures described in our
previous paper.23 The integral equation described above con-
tains two unknown correlation functions �h and c�. A closure
condition, i.e., an additional relation between the h and c
functions, is required �see, for example, Ref. 33� to solve the
integral equation.

B. Closure relations

Here, for the closure relations for coefficients
c�,�

11 �r ,m , j�, c�
12�r ,m , j�, c�

21�r ,m , j�, and c22�r ,m , j� we used
the polymer soft mean-spherical approximation �PSMSA�.23

In this closure we divide the LJ potential into a short-range
reference part U0

ij�r� and a longer-range perturbation part
U1

ij�r� as suggested elsewhere,34

ULJ
ij �r� = U0

ij�r� + U1
ij�r� , �13�

where

U0
ij�r� = �ULJ

ij �r� + �LJ
ij r 
 rm

ij

0 r � rm
ij �

and

U1
ij�r� = �− �LJ

ij r 
 rm
ij

ULJ
ij �r� r � rm

ij � .

The distance rm
ij that separates these two components is cho-

sen to be the position of a minimum of the LJ part of the
potential function, i.e., rm

ij =21/6�LJ
ij . We also define f0

ij�r� and
eLJ

ij �r� as
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f0
ij�r� = exp
−

U0
ij�r�

kBT
� − 1, �14�

eLJ
ij �r� = exp
−

ULJ
ij �r�
kBT

� . �15�

The water-water PSMSA closure relations23 can be written as

c�,�
11 �r,m, j�

= f0
11�r�y�,�

11 �r,m, j�

+ eLJ
11�r� �

D��
�

E��
�

p,q=−L

L
�ABC−�

�ABC−�+D

�ABC−�

�ABC−�+E

�fDE�r,− p + m,− q + j�y�−D,�−E
11 �r,p,q��1 − ��,0�

��1 − ��,0� . �16�

��,0 is the delta function and �
� are Wertheim’s density
parameters.23,24 c0,0

11 �r ,m , j� has the following special form:

c0,0
11 �r,m, j� = f0

11�r�y0,0
11 �r,m, j� − �f0

11�r� + 1�
U1

11�r�
kBT

. �17�

Water-solute closures are

c0
12�r,m, j� = f0

12�r�y0
12�r,m, j� − �f0

12�r� + 1�
U1

12�r�
kBT

, �18�

c�
12�r,m, j� = f0

12�r�y�
12�r,m, j� , �19�

c0
21�r,m, j� = f0

21�r�y0
21�r,m, j� − �f0

21�r� + 1�
U1

21�r�
kBT

, �20�

c�
21�r,m, j� = f0

21�r�y�
21�r,m, j� , �21�

and solute-solute closure,

c22�r,m, j� = f0
22�r�y22�r,m, j� − �f0

22�r� + 1�
U1

22�r�
kBT

. �22�

We solved the OZ equation �Eq. �10�� along with the closure
conditions by using a direct iteration method. We performed
the forward and inverse Bessel-Fourier transforms—which
are needed to couple the correlation functions in real and
Fourier spaces—by using the method of Talman.35 This
method gives an efficient way to sample both the rapidly
varying part of the correlation functions at small distances
and the long-ranged part, using a relatively small number of
grid points, n=512.

FIG. 2. The solute-water pair distribu-
tion function g�r*� at different tem-
peratures. Top left is the hottest water;
bottom right is the coldest water. The
Monte Carlo result �Ref. 36� is pre-
sented by symbols and the IET result
by a solid line. Distribution functions
are presented for state points �a� T*

=0.36, 	1
*=0.534, �b� T*=0.28, 	1

*

=0.741, �c� T*=0.24, 	1
*=0.870, �d�

T*=0.21, 	1
*=0.943, �e� T*=0.18, 	1

*

=0.990, and �f� T*=0.16, 	1
*=0.900.

The ratio of the density of water to the
density of nonpolar molecules is 60:1.
The LJ parameter for nonpolar mol-
ecules is �LJ

22=0 ,7rHB.
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The �0,0� harmonics of the partial correlation functions
are summed to give orientationally averaged total correlation
function,

g11�r� = �
�,�

h�,�
11 �r,0,0� + 1, �23�

g12�r� = �
�

h�
12�r,0,0� + 1, �24�

g22�r� = h22�r,0,0� + 1, �25�

where � and � again are the bonding states of a MB mol-
ecule. Similar expressions are used to get the higher coeffi-
cients of the total pair correlation function,

g11�r,m, j� = �
�,�

�h�,�
11 �r,m, j� + ��,0��,0�m,0� j,0� . �26�

The two-particle distribution function g�r ,�1 ,�2� can now be
calculated as

g11�r,�1,�2� = �
m,j=−L

L

g11�r,m, j�exp�i�m�1 + j�2�� . �27�

For the present study of nonpolar solvation, we have
used the same MB model parameters that we previously used
for studying pure MB water.15,23 �HB=−1, rHB=1, �LJ

=0.1�HB, and �LJ
11=0.7rHB. All the results are shown in re-

duced units: the excess internal energy and temperature are
normalized to the HB energy parameter �HB �A*

=A / ��HB� ,T*=kBT / ��HB�� and the distances are scaled to the
hydrogen bond characteristic length rHB �r*=r /rHB�.

IV. RESULTS AND DISCUSSION

The results for solute-water pair distribution functions
for different temperatures are shown in Fig. 2. The Monte
Carlo results are presented by symbols and the results pro-
vided by angle-dependent IET with PSMSA closure by solid
line. The size of nonpolar solute molecule is the same as the
size of water: �LJ

22=0.7rHB, and the ratio between water den-
sity and density of nonpolar solute is 60:1.

Figure 2 shows that angle-dependent IET �ADIET� gives
better agreement with the Monte Carlo results than the ori-
entationally averaged version of IET. ADIET more correctly
predicts the r dependence of the maxima and minima of the
pair distribution functions, but it fails to predict correct

FIG. 3. Solute-water pair distribution
function g�r*� at different tempera-
tures and sizes of nonpolar solute. The
Monte Carlo result �Ref. 36� is pre-
sented by symbols and the IET result
by solid line. Distribution functions
are presented for the following state
points and sizes of nonpolar molecules
�a� �LJ

22=1.0rHB, T*=0.24, 	1
*=0.870,

�b� �LJ
22=1.0rHB, T*=0.18, 	1

*=0.990,
�c� �LJ

22=1.5rHB, T*=0.24, 	1
*=0.870,

�d� �LJ
22=1.5rHB, T*=0.18, 	1

*=0.990,
�e� �LJ

22=2.0rHB, T*=0.24, 	1
*=0.870,

and �f� �LJ
22=2.0rHB, T*=0.18, 	1

*

=0.990. The ratio of the density of wa-
ter to the density of nonpolar mol-
ecules is 60:1.
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heights of them. The ADIET appears to underestimate the
internal rigidity in water molecule structures.

Figure 3 shows how the radius of the solute affects the
solute-water interactions. Previous Monte Carlo simulations
of the MB model17 showed that if a solute molecule is as
small as a water molecule, it causes first-shell waters to be-
come orientationally ordered to avoid wasting hydrogen
bonds. In contrast, around large solute molecules, water mol-
ecules are sterically forced to waste hydrogen bonds. Our
present IET results are consistent with this picture and are in
good agreement with simulation results for all solute sizes at

higher temperatures. At lower temperatures, however, agree-
ment is good only for solutes larger than r*=1.5. For mol-
ecules smaller than r*=1.5 IET fails to predict the correct
heights of the peaks. As we also found in our earlier work on
pure water, these limitations of the IET theory are greatest in
situations involving high degrees of hydrogen-bonded water
structuring. Smaller molecules insert into cavities formed by
water molecules while bigger molecules must break water
structure when they are solvated in water. Figure 4 shows
solute-solute pair distribution functions for different sizes of
nonpolar solutes. While we find that treating the orientations

FIG. 4. Solute-solute pair distribution
function g�r*� at different tempera-
tures and solute sizes. The Monte
Carlo result is presented by symbols
and the IET result by a solid line. Dis-
tribution functions are presented for
the following sizes of nonpolar mol-
ecules: �a� �LJ

22=0.7rHB, �b� �LJ
22

=1.0rHB, �c� �LJ
22=1.5rHB, and �d� �LJ

22

=2.0rHB. Temperature of the solution
is T*=0.21 and density of water 	1

*

=0.943. The ratio of the density of wa-
ter to the density of nonpolar mol-
ecules is 60:1.

FIG. 5. The coefficients of the expan-
sion of the two-particle solute–water
distribution function at ��a� and �b��
T*=0.28 and ��c� and �d�� T*=0.18.
Density of the water is 	1

*=0.9 and ra-
tion between density of water and non-
polar molecules is 60:1. The Monte
Carlo result is presented by symbols
and the IET result by solid line. LJ pa-
rameter for nonpolar molecules is �LJ

22

=0.7rHB.
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FIG. 6. Water-water pair distribution,
g�r* ,�1� for various orientations �1 of
the water molecule, averaged over all
possible �2 values at T*=0.24, density
of water 	1

*=0.87 and ratio between
number of molecules of water and
nonpolar solute of 60:1 is plotted with
solid line and solute-water pair distri-
bution with dashed. Functions are pre-
sented for the following directions: �a�
0°, �b� 30°, �c� 45°, and �d� 60°. LJ
parameter for nonpolar molecules is
�LJ

22=0.7rHB.

FIG. 7. Water-solute pair distribution,
g�r ,�1� for various orientations �1 of
the water molecule, averaged over all
possible �2 values for different tem-
peratures and sizes of nonpolar mol-
ecules. Functions for �LJ

22=0.7rHB are
drawn by full line, �LJ

22=1.0rHB with
long-dashed line, �LJ

22=1.5rHB with
short-dashed, and �LJ

22=2.0rHB dotted
line. Functions are presented for the
following �1 values and temperatures:
�a� 0°, T*=0.24, �b� 0°, T*=0.18, �c�
30°, T*=0.24, �d� 30°, T*=0.18, �e�
60°, T*=0.24, and �f� 60°, T*=0.18.
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is an improvement over the angle-averaged theory, we also
find relatively poor agreement with the simulations for
solute-solute correlation functions at low temperatures.

An advantage of the improved IET is that it yields the
angular distributions of the model water molecules. In this
section we compare our theory with the Monte Carlo results
for the angular distributions of nonpolar solute around water.
Figure 5 shows the coefficients of the expansion of the two-
particle solute—water distribution function g12�r* ,�1 ,�2� for
MB water molecules. We find that the IET follows the MC
data quite well qualitatively. The size of nonpolar solute mol-
ecule is the same as the size of water: �LJ

22=0.7rHB, and the
ratio between water density and density of nonpolar solute is
60:1. Agreement is much better at high temperatures.

Figure 6 shows the orientational distribution function for
water molecules, at temperatures where ADIET predictions
are good. Figure 6 shows g12�r* ,�1� where the first molecule
is fixed in orientation �1, and we calculate the distributions
with respect to r* averaging over all �2 values �g�r* ,�1�
= �g�r* ,�1 ,�2���2

�. The results for different directions given
by angle �1 are shown in this figure �0°, 30°, 45° in 60°�.
Water-water distribution is presented by dashed line and
solute-water distribution by solid at temperature T*=0.24
and density of water molecules 	1

*=0.87. We find that non-
polar solutes are largely located in cavities in which waters
can form water-water hydrogen bonds, but we also find bro-
ken hydrogen bonding, probably because the temperature is
high for the results in this figure.

Figure 7 also gives distributions of water orientations,
but now for solutes of different sizes, and at two different
reduced temperatures: 0.24 and 0.18. We find that waters
have orientational preferences around small solutes, but not
around larger ones, consistent with other studies17 and with
the view that large solutes force waters to break hydrogen
bonds, so that there is no further advantage to any particular

orientation. The same conclusion follows from a study of
water orientations in the first and second solvation shells
around the nonpolar solute shown in Fig. 8.

V. CONCLUSIONS

We have developed theory for nonpolar solvation in wa-
ter. Our goal here has been to extend the Wertheim theory of
associated fluids23,24 to account for the coupled orientation
dependence of interactions that arises from multiple hydro-
gen bonding arms within water molecules. As a simple test
bed for developing the theory, we have used the well-
understood and extensively simulated two-dimensional MB
model of water. We have developed a multidensity OZ
theory with explicit orientation dependence. We show that
introduction of the orientation dependence yields better
agreement with Monte Carlo computer simulations of the
structural and thermodynamic properties than a simpler IET
theory that averages over the angular orientations of waters.

The present theory has the virtue of making good quali-
tative predictions of the structural properties, with compa-
rable insights into the properties of water, but with a gain in
computational speed of about two orders of magnitude. Main
advantage over orientationally averaged version is that here
we can also study orientations of water molecules around
solutes and not only the distance dependent structures. We
believe that the reason why theory works only qualitatively
for cold water is in the approximate closure used in IET. For
better results bridge functions would have to be imple-
mented, but they are not known for this model system.
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nonpolar solute of different sizes.
Functions are presented for the follow-
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	1
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*
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*

=2.1, and �d� �LJ
22=2.0rHB, r1

*=1.35,
r2

*=2.35. Functions for waters in first
solvation shell are drawn by solid line
and for waters in second solvation
shell by dashed lines.
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