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Ahstnwt 

Infinite-dilution partial molar entropies of solvation of simple, monatomic solutes in water are defined in terms of 
the entropy associated with (1) solute insertion at constant volume and at a fixed position in the solvent, and (2) 
expansion or contraction of the pure solvent to maintain constant pressure. A statistical mechanical expansion for 
the entropy of solution in terms of multiparticle correlation functions is applied to this definition to identify three 
intrinsic contributions to the hydration entropy - solute-solvent pair correlations, rearrangement of solvent in the 
vicinity of the solute molecule, and expansion or contraction of the pure solvent - which we evaluate for the inert 
gases in water at 25°C. For the smaller solutes, we find that the solvent reorganization and solvent expansion 
contributions offset one another such that the entropy of hydration is determined almost exclusively by solute-water 
pair correlations. The solute-water pair correlation entropy also prevails as the primary factor determining entropies 
of hydration for the larger solutes; however, solvent reorganization now makes a small, negative contribution to the 
entropy. 
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1. Introduction 

In a recent publication [ll we presented a 
statistical mechanical expansion for the entropy 
in terms of multiparticle correlation functions 
that was used to identify the major contributions 
to the entropy of hydration of simple monatomic, 
hydrophobic solutes. Of these contributions, the 
two-particle solute-water correlation function 
alone, evaluated via Monte Carlo simulations, 
was found to account for the large negative en- 
tropies and the large positive heat capacities of 

* Corresponding author. 

solvation for methane at infinite dilution in water 
at room temperature. Contributions to the en- 
tropy of hydration due to perturbations in 
water-water pair correlations were not calculated 
[2], but were taken to be negligible for solute 
insertion at constant temperature and pressure 
[3]. In an extension of these simulation studies [4] 
we also calculated the contribution of solute- 
water pair correlations to the entropies of hydra- 
tion of inert gases and model Lennard-Jones par- 
ticles. Solute-water pair correlation entropies 
were found to agree reasonably well with the 
experimental values for the inert gases, thereby 
lending support to the notion that solute-induced 
perturbations in water-water pair correlations do 
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not make significant contributions to the entropy 
of hydration for these solutions. The model 
Lennard-Jones solutes were studied for the pur- 
pose of characterizing the dependence of the 
entropy on solute size and the solute-water pair 
interaction energy. We found that the primary 
factor determining the solute-water pair correla- 
tion entropy was solute size, with the pair interac- 
tion energy playing a secondary, but significant 
role. In addition, we examined two of the key 
assumptions in our entropy formulation: the de- 
coupling of translational and orientational corre- 
lations in the first hydration shell and the neglect 
of orientational correlations in the second and 
higher hydration shells. It was estimated that 
these assumptions impose a limitation of approxi- 
mately 1 to 2 e.u. in the accuracy of our calcu- 
lated solute-water pair correlation entropies. 

In this work we evaluate contributions to the 
entropy of hydration for the inert gases at 25°C 
stemming from perturbations to water-water pair 
correlations in the presence of the solute, and 
from the expansion or contraction of pure solvent 
required to maintain constant pressure. The two 
contributions are compared with solute-water 
pair correlation entropies that were calculated 
previously for these solutions. 

2. Thermodynamic relations 

Neglecting intramolecular degrees of freedom, 
the entropy of a polyatomic fluid in the canonical 
ensemble is derived by a Kirkwood factorization 
of the N-particle correlation function and substi- 
tution into the Gibbs expression for the entropy 
[5]. The resulting expression is 

SN = - f i/f#) ln(h#)) dp, dJi 

kp2 -- 
202 g I 

c2) In gc2) dr2 dw2 

+ higher order terms (1) 

where k is Boltzma~‘s constant, h is Plan&s 
constant, p is the number density, rN the Carte- 
sian coordinates of the N molecules, pN the 

linear momenta, tiN the Euler angles, 0 = /do, 
J* the angular momenta, (T the symmetry num- 
ber of the molecules (2 for water), s the number 
of external degrees of freedom per molecule (6 
for nonlinear molecules), f#) the one-particle 
distribution function, and gc2) the two-particle 
correlation function. The first term in this expan- 
sion is the contribution to the entropy associated 
with the individual particles and reflects the abil- 
ity of each particle to occupy any point in the 
volume of the system. The second term accounts 
for correlations in the positions and the orienta- 
tions of pairs of particles. The higher order terms 
represent correlations that cannot be accounted 
for by the superposition approximation when the 
potential energy of the system is described by a 
general, multi-body potential function. For pair- 
wise additive potentials, these terms represent 
triplet and higher order correlations expressed in 
terms of pair correlations [6,7]. Calculation of the 
triplet and higher order correlations is very diffi- 
cult to do by simulation. Moreover, it has been 
shown that keeping only the one- and two-par- 
ticle terms in the expansion gives an accurate 
approximation for entropy of Lennard-Jones and 
hard-sphere fluids at high densities [S-lo]. 
Therefore, we consider the calculation of en- 
tropies of hydration on the basis of pair correla- 
tions alone. 

The entropy of a mixture can likewise be ex- 
pressed in terms of a multiparticle correlation 
function expansion. Truncating this expansion at 
the level of pair correlations, the expression for 
an aqueous solution containing a monatomic so- 
lute is 

%k-k ln(p,&&r) 
1 

+ N, Sk - k 
1 

ln(p,Ai) 1 
k 

-N,‘----- 
2VQ2 I 

g, In g, dr do2 

-N&j& ln g,, dr 

-WC&/g, ln g, dr do, 

where subscripts s, w denote solute and water, 
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respectively; NW, N, are the number of molecules; 
pW, ps are number densities; q,+, is the rotational 
partition function of water; and g,, g,, g, are 
pair correlation functions. The partial molar en- 
tropy at infinite dilution is obtained directly from 
Eq. (2) by differentiating with respect to N, at 
constant T, P, and NW. Alternatively, solvation at 
constant pressure can be thought of as a two-step 
process in which the solute is first dissolved at 
constant volume and then the solution expands or 
contracts to re-establish the original pressure. In 
this case, the partial molar entropy at infinite 
dilution is given by the standard thermodynamic 
relation, 

where $ is the partial specific entropy at infinite 
dilution, defined below, and ii: is the partial 
molar volume of the solute at infinite dilution. 
Eq. (3) is similar to an expression for the partial 
molar entropy derived by Hildebrand et al. [ill in 
terms of a partial entropy of mixing at constant 
excess volume. The partial specific entropy is 
obtained from Eq. (2) by differentiating with re- 
spect to N, at constant T, V, and NW. In the limit 
of infinite dilution, this quantity is 

$= %k-k In(&) 
I 1 
-k-k~/gWlngWdrdw 

k N,” 
--- 

2 1/D* 

G/g- In g, dr do* 
s T,V,Nw,Ns-rO 

(4) 
The first two terms in this equation are one- 

particle contributions to the partial specific en- 
tropy, the third term is the solute-water pair 
correlation entropy, and the last term accounts 
for solvent rearrangement in the vicinity of the 
solute when the solute is inserted at constant 
volume. Solute-induced perturbations to water- 
water pair correlations can make a substantial, 

negative contribution to the partial specific en- 
tropy of hydration. For example, Yu and Karplus 
[12] show, within the context of the hypemetted 
chain approximation to an integral equation the- 
ory, that this contribution amounts to approxi- 
mately 2530% of total entropy of hydration for 
simple Lennard-Jones solutes in TIP3P water. 

The connection between the partial molar en- 
tropy in Eq. (3) and Ben-Naim’s standard entropy 
of solvation 1131, 

tip; 
AS:= -7 

defined in terms of the residual chemical poten- 
tial, 

py = ps - kT In p,& (6) 

is made by equating partial molar entropies. From 
Eqs. (5) and (61, the partial molar entropy is 

ap, a~: 
s,= -aT= -y -k In p,At+kTa+ ik 

=AS:-k In p,A:+kTa+ik, (7) 

where a is the thermal expansion coefficient of 
the solution, Equating Eq. (7) to Eq. (3) gives at 
infinite dilution, 

AS:- = e - tk - k ln( p&) 1 
(8) 

where K~’ is the isothermal compressibility of 
pure water. Eq. (8) defines the standard entropy 
of solvation in terms of two contributions: (1) The 
entropy associated with inserting the solute into 
the solvent at constant volume and at a fixed 
position. This contribution is given by the partial 
specific entropy of solvation, excluding the one- 
particle entropy contribution. (2) The entropy 
associated with expansion or contraction of the 
pure solvent to maintain the constant pressure. 
The quantity, (kTK,” - a:), in the second cmtri- 
bution is defined by the well-known Kirkwood- 
Buff expression [14], 

( kTKT -p;)=\[g,(r)-l] dr. (9) 
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It depends directly on solute-water pair correla- 
tions, and includes both the excluded volume of 
the solute and volume changes due to rearrange- 
ment of solvent in the vicinity of the solute 
molecule I151. It can be thought of as a statistical 
measure of the fractional excess number of water 
molecules needed to hydrate the solute at infmite 
dilution, relative to the uniform, bulk density of 
pure water [16,17]. If a: > kTK,“, as it is for 
simple hydrophobic solutes, then this contri- 
bution to the entropy of hydration is posi- 
tive. Therefore, we will refer to it as the sol- 
vent expansion entropy. The derivative, (as/ 
av) r N N =a, in Eq. (8) is evaluated from Eq. (2) 
by di’fftrintiating with respect to V at constant T 
and N,, and then taking the limit, N, + 0. Substi- 
tuting this result and the expression for $’ into 
Eq. (8) gives the standard entropy of solvation in 
terms of solute-water and water-water pair cor- 
relation functions, 

AStm = -k - k%/gsw In g, dr do 

k N,” 
--- 

2 VP 

/ gRw 
In g, dr do2 

r,V,N,&+O 

- kp,, kTK,” - E;) 

g, In g, dr dW2 
N,=O 

t-- ; z2 (kTK,’ - Es”) 

g,lng, dr do2 
T,N,,N,=O 

(10) 
In addition to the solute-water pair correlation 
entropy and the contribution associated with sol- 
vent rearrangement due to solute insertion at 
constant volume, the two additional contributions 
to the entropy of hydration appearing in this 
equation reflect solvent expansion, in the absence 
of perturbations in water-water pair correlations, 
and solvent reorganization due to changes in sol- 
vent density as it expands to maintain constant 

pressure. In what follows, we will consider the 
magnitude of these contributions for inert gases 
in water at 25°C. 

3. Calculations 

The solute-water pair correlation entropy is 

s =_w-1) 
SW / gc2) In g(‘) dr dw 

v0 sw sw ’ (11) 

By assuming the following factorization of the 
pair correlation function [l] 

g$(rY & 4, x) =g&r) ‘g(eY x9 4) for r Q rsh? 

&f’<r7 e7 +, x) =&dr) for r arsh? (12) 

where g, is the orientationally averaged radial 
distribution function and rsh is defined as the 
radius of first hydration shell, we can separate 
the solute-water pair correlation entropy into a 
translational and an orientational contribution: 

5, = - 
k(N- 1) 

v /g, In g, dr (translational) 

k(N- l)F 

VO /( g 0, x9 4) 

* ln( g( 8, x, y)} do (orientational). 

(13) 

For spherically symmetric solutes, the orienta- 
tional correlation function will be uniform with 
respect to the third Euler angle, 4. The angle 0 is 
defined as that between the dipole vector of 
water and the solute-water oxygen axis, and x 
describes rotation around the water dipole vector 
PI. 

The first integral in Eq. (13) is evaluated over 
the entire volume of the fluid. However, g, is 
only calculated up to a finite cutoff distance in 
simulations. We have shown [4] that the correc- 
tion for this long-range behavior is 

s COIT =kp,/[g,(r) - 11 dr, (14) 

where the integration is performed up to the 
distance for which the radial distribution function 
is calculated in the simulation. 
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Table 1 
Lennard-Jones parameters for the inert gases 

0 &I E (kcal/mol) 

helium a 2.55 0.02 
neon ’ 2.18 0.069 
argon b 3.401 0.2339 
krypton b 3.624 0.317 
xenon b 3.935 0.433 
radon ’ 4.36 0.576 

a Ref. [31]. b Ref. [32]. ’ Ref. [33]. 

The solvent expansion entropy is calculated 
using the thermodynamic identity, 

The radial and orientational distribution func- 
tions were calculated using Jorgensen’s BOSS 
Monte Carlo simulation program 1181. For these 
simulations, one particle is inserted in a box of 
water molecules pre-equilibrated at 25°C. Then, 
depending on solute size, one or two water 
molecules showing the highest energy of interac- 
tion with the solute are deleted. Constant NVT 
simulations for the mixture are then performed at 
25°C. Individual simulations consisted of 5 mil- 
lion or more configurations for equilibration and 
60 million configurations for sampling. The TIP4P 
model for water [19] was used in all simulations. 
The inert gases were modeled as L.ennard-Jones 
particles with the parameters listed in Table 1. 
The uncertainties in these parameters have been 
discussed previously [4]. The solute-water pair 
correlation entropy was calculated from Eq. (131, 
using the long-range correction in Eq. (14), with 
the radial distribution function numerically inte- 
grated up to 8 A for the smaller solutes and up to 
10.5 A for the larger ones. The orientational 
distribution function was integrated numerically 
as described elsewhere [l]. Results for the inert 
gases in water at 25°C are given in the first three 
columns of Table 2. 

and the thermal expansion coefficient and 
isothermal compressibility for pure water [20]. 
Partial molar volumes for the inert gases at infi- 
nite dilution were estimated from a correspond- 
ing states correlation based on Kirkwood-Buff 
solution theory [21] and the measured partial 
molar volume for argon at infinite dilution in 
water [22]. The characteristic volume of the so- 
lute is required in this correlation and was taken 
to be the- atomic volume 
The results are given in 
Table 2. 

(aa3/6> of each gas. 
the fourth column of 

4. Discussion 

The total calculated entropies of hydration in 
column 5 of Table 2 are obtained from 

AS:=’ I ca~c = -k - k?\g_ In g, dr do 

which excludes the contribution due to solute-in- 
duced perturbations in water-water pair correla- 
tions. It can be seen from these results that the 
sum of the calculated contributions in each case 
agrees quite well with the experimental value of 
the entropy of hydration. In addition, the calcu- 

Table 2 
Comparison of hydration entropies of the inert gases at 25°C. All values in e.u. (1 e.u. = 1 cal/mol K) 

Trans. Orient. Pair corr. Solvent Total Experimental a 
carr. corr. entropy expansion talc. 

(15) 

(16) 

helium -4.6 -3.0 - 1.6 +2.5 -7.1 - 8.0, -7.8 
neon -6.2 -4.1 - 10.3 +2.9 -9.4 - 10.1, - 10.8, - 10.0 
argon - 10.5 -6.2 - 16.7 +4.2 - 14.5 - 14.7, - 15.6, - 14.4 
krypton -11.4 -7.0 - 18.4 +4.7 - 15.7 - 16.3, - 16.8, - 16.0 
xenon - 13.4 -7.3 - 20.7 +5.5 -17.2 - 17.4, - 19.6, - 17.8 
radon - 16.0 -8.6 - 24.6 +6.6 - 20.0 - 18.2, 

’ First and second columns from ref. [34]; third column from ref. [35] after change of standard states. 
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lated results reproduce reasonably well the ob- 
served increase in magnitude of the entropy with 
increasing solute size. The primary factor deter- 
mining the large negative entropies of hydropho- 
bic hydration is the solute-water pair correlation 
entropy. This observation is consistent with those 
made recently by Rashm and Bukatin [23] who 
calculated entropies of hydration on the basis of 
solute-water pair correlations using a continuum 
model for water. The solvent expansion entropy 
also makes a significant contribution to the en- 
tropy of hydration. In light of the work of Yu and 
Karplus 1121, however, we expect the entropy 
associated with solute-induced perturbations to 
water-water pair correlations to compensate, at 
least in part, for the solvent expansion entropy. 
The calculation of this contribution to the en- 
tropy on the basis of molecular simulations is a 
formidable task. Water-water pair correlations 
are of higher dimensional@ than the solute- 
water pair correlations we have evaluated, and 
solute-induced perturbations to water-water ori- 
entational correlations will most likely be limited 
to the first hydration shell [24], and as such, will 
involve a relatively small number of water 
molecules. Therefore, the determination of trans- 
lational and orientational water-water pair corre- 
lation functions will require inordinately long 
simulations and probably additional approxima- 
tions before they can be properly evaluated. 

Alternatively, the magnitude of this contribu- 
tion to the entropy of hydration can be estimated. 
If we make the reasonable assumption that sol- 
vent rearrangement due to solute-insertion at 
constant volume is primarily an excluded volume 
effect, then the two solvent reorganization contri- 
butions to the entropy will offset one another to 
an extent that depends on the magnitude of the 
excluded volume of the solute relative to its infi- 
nite-dilution partial molar volume. Pratt and Po- 
horille [15] calculated the infinite-dilution partial 
molar volume for a hard spherical cavity of sub- 
atomic size in water and found that the excluded 
volume is approximately two and one-half times 
the partial molar volume. The physical reason for 
this large difference is the high packing efficiency 
of water molecules in the vicinity of the solute 
1251. We have calculated 5: for methane in water 

r (A) 

Fig. 1. Calculated partial molar volume at infinite dilution for 
methane in water at 25°C and 1 atm as a function of inter- 
molecular separation. 

at 25°C and 1 atm using the following form of the 
Kirkwood-Buff expression and the radial distri- 
bution function for pure water and the solute- 
water radial distribution function evaluated by 
Monte Carlo simulations. 

(17) 

The results are given in Fig. 1. A striking 
feature cf this plot is the large variation in 8: for 
r < 7.5 A. It appears, however, that Er asymtoti- 
$ally approaches a value of 36.5 k between 7-8 
A before drifting downward at larger separations 
due to periodic box size effects in the simulation. 
The excluded volume contribution to the partial 
molar volume corresponds to the first maximum 
in this plot, and is approximately four times the 
value for i?:. This difference is even greater than 
that observed by Pratt and Pohorille, and is evi- 
dently due to the expected higher packing effi- 
ciency of water around a solute of atomic size [4]. 
Thus, for methane in water at 25”C, we estimate 
the solvent reorganization entropy for solute in- 
sertion at constant volume to be four times that 
for solvent expansion. 
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Table 3 
Calculated salvation expansion entropy contributions to the 
hydration entropies of the inert gases at 25°C. (All values in 
e.u.) 

Total solvent Solvent expansion Solvent reorgan. 
expansion neglecting reorgan. contribution 

helium t 2.5 
neon +2.9 
argon t4.2 
krypton +4.7 
xenon +5.5 
radon t6.6 

t 1.6 to.9 
+ 1.9 + 1.0 
+2.7 +1..5 
+3.0 i-1.7 
t3.5 t 2.0 
+4.3 +2.3 

If the two solvent reorganization contributions 
had offset one another exactly, Eq. (16) would 
become, 

AS:- = -k - k$ jg, In g, dr do 

- kp,( k%,” - ii;) 

In g, dt dw2 
N,=O’ 

The last term in this equation is the solvent 
expansion entropy in the absence of solvent reor- 
ganization, which we evaluate as the product of 
p,,,(kTK,” - a,“> and the molar entropy of pure 
liquid water at 25°C LX]. The results of this 
calculation for the inert gases are shown in Table 
3. About two-thirds of the solvent expansion en- 
tropy can be attributed to this contribution, and 
thus solvent reorganization due to solvent expan- 
sion will contribute approximately + 1-2 e.u. to 
the entropy of hydration depending on solute 
size. For the smaller solutes in Table 3, if solvent 
reorganization due to solute insertion is three 
times this value, we find that this contribution to 
the entropy of hydration will more or less cancel 
the total solvent expansion entropy. For the larger 
solutes, however, solvent reorganization due to 
solute insertion will contribute an additional - 1 
or 2 e.u. to the entropy of hydration if we take 
this contribution to be four times the solvent 
reorganization contribution due to solvent expan- 
sion, 

For the larger solutes, the impact of solvent 
reorganization on the entropy of solvation is more 

pronounced in water than it is, for example, in 
typical nonpolar solvents precisely because the 
solvent expansion entropy of water is attenuated. 
Water is characterized by a low value of 
@P/a??,, compared to most nonpolar solvents 
[27], and on a molecular level, liquid water has a 
larger fractional free volume compared to the 
hard-sphere liquid, but this free volume is dis- 
tributed such that the confirgurational entropy of 
water is lower [28]. The results also suggest that 
solvent rearrangement contributions to the en- 
tropy of hydration will be even more prominent 
for larger solutes. Indeed, such contributions are 
essential for describing the density profile of wa- 
ter near interfaces 1291. Solvent reorganization 
contributions could also be implicated in the ef- 
fect of elevated temperatures on hydrophobic 
phenomena. Indeed, we now expect that the devi- 
ations from experiment we have observed in our 
calculations of hydration entropies for methane 
at elevated temperatures [1,3] may, in part, be 
attributed to solvent reorganization, 
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Discussion to the paper by M.E. Paulaitis, H.S. 
Ashbaugh and S. Garde 

Comments 

By B.X. Lee 
(1) If one ignores the term due to the change 

in the water-water correlation, the expression for 
the partial specific entropy, Eq. (41, does not 

depend on how much structure the pure water 
had before the insertion of the solute. However, 
since the partial molar entropy is equal to the 
change in entropy upon addition of a solute 
molecule, should one not expect it to depend on 
the structure of the solvent before, as well as 
after, the insertion? 

A minor point - why is this entropy called the 
partial specific entropy? I thought that the term 
“specific” indicated that the quantity was per 
weight. The entropy of Eq. (4) appears more like 
the contant-volume partial molar entropy. 

(2) When UT > /CT& the solvent expansion 
entropy is simply the second term in Eq. (3). This 
is the entropy change upon expansion of the 
(N + 1) molecule system from p’ to p”, where p” 
is 1 atm and p’ is the pressure of the system after 
insertion of the solute under constant volume 
condition. This term arises from the fact that the 
system gets compressed if the solute is inserted 
under the constant volume condition and that the 
release of this pressure by volume expansion is 
accompanied by a change in entropy. Therefore 
this term should be used only when the g, 
function in Eq. (4) refers to that in the com- 
pressed system with high pressure. However, in 
the simulation that was used to obtain g,, one 
or two water molecules were deleted from the 
system upon solute insertion. This will effectively 
lower the pressure and the system is more like 
that obtained after a constant-pressure insertion 
rather than a constant-volume insertion. There- 
fore, in order to obtain the proper g, function to 
use in conjuction with Eq. (41, does it not seem 
more reasonable to insert the solute without 
deleting any solvent molecules? A related ques- 
tion has to do with the accuracy of the simulation 
calculation. Does the result of the calculation 
change upon removal or addition of a few water 
molecules when the system contains probably a 
few hundred molecules? (By the way, the number 
of solvent molecules in the system should be 
stated somewhere.) If the calculation is insensi- 
tive (and it can be made to be infinitely insensi- 
tive, simply by increasing the size of the system), 
does it not indicate that the error of the calcula- 
tion is probably at least of the same magnitude as 
the “solvent expansion entropy” term? 
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Responses by M.E. Paulaitb to Comments 

To B.R Lee 
(1) The partial specific entropy should take 

into account the change in the structure of water 
from pure water to a perturbed state correspond- 
ing to solute insertion at constant volume, so in 
fact, one cannot ignore the term in our Eq. (4) for 
the change in water-water pair correlations. 
However, the change in water structure, and 
therefore the properties of pure water before 
insertion, are also accounted for in the third term 
in Eq. (4), the term for the solute-water pair 
correlation entropy. Indeed, it is this term that 
makes the major contributions to solute-induced 
perturbations in water structure. 

The partial molar entropy has a rigorous ther- 
modynamic definition (see, for example, ref. [261 
in our paper). It is the derivative of the entropy 
with respect to the number of moles of one 
component, holding temperature, pressure, and 
all other components mole numbers constant. 
Thus, a constant-volume partial molar entropy 
would be internally inconsistent. The expression, 
partial specific entropy, is used by us to denote 
that this quantity is obtained by holding volume 
rather than pressure constant when taking the 
derivative of the entropy. In fact, we really differ- 
entiate with respect to number of molecules, not 

moles, but of course, this is a trivial matter of a 
factor of Avogadro’s constant. 

(2) Ideally, one should follow the fate of the 
gSw In g, integral in Eq. (4) through both steps 
of the two-step process described in our paper. 
Thus, if we had evaluated this integral from a 
simulation in which the solute was inserted at 
constant volume, as you suggest, we would then 
need to add to this result another term to ac- 
count for the change in the integral due to the 
change in volume. We actually evaluated the 
g, In g, integral from a simulation in which the 
solute was inserted at constant pressure. There- 
fore, we have accounted for the effect of both 
steps in the solvation process on the g, In g, 
integral. 

The solute-water pair correlation functions we 
obtain from simulations are, in fact, substantially 
different-depending on whether the solute is in- 
serted at constant pressure or constant volume 
and this is due to the finite size of the system. 
However, we indeed do not expect the difference 
between the partial molar and partial specific 
entropies to become negligible as we increase the 
number of water molecules in the system to infin- 
ity. This is obvious from Eq. (3). 

[l] T. Lazaridis and M.E. Paulaitis J. Phys. Chem. 97 (1993) 
5789. 


