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We present results from molecular dynamics simulations describing structural and dynamical characteristics
of equimolar mixtures of water and acetonitrile, confined between two silica walls separated at interplate
distances of d ) 0.6, 1, and 1.5 nm. Two different environments were investigated: a first one where
wall-solvent dispersion forces prevail (hydrophobic confinement) and a second one in which the terminal O
atoms at the silica surface are transformed into silanol groups (hydrophilic confinement). For the former
case, we found that, at the shortest interplate distance examined, the confined region is devoid of water
molecules. At an interplate distance of the order of 1 nm, water moves into the confined region, although, in
all cases, there is a clear enhancement of the local concentration of acetonitrile in detriment of that of water.
Within hydrophilic environments, we found clear distinctions between a layer of bound water lying in close
contact with the silica substrates and a minority of confined water that occupies the inner liquid slab. The
bound aqueous layer is fully coordinated to the silanol groups and exhibits minimal hydrogen bonding with
the second solvation layer, which exclusively includes acetonitrile molecules. Dynamical characteristics of
the solvent mixture are analyzed in terms of diffusive and rotational motions in both environments. Compared
to bulk mixtures, we found significant retardations in all dynamical modes, with those ascribed to water
molecules bound to the hydrophilic plates being the most dramatic.

I. Introduction

Water-acetonitrile solutions represent prototype polar mix-
tures combining protic and aprotic components with important
practical applications in many areas of chemistry such as
chromatography,1-3 electrochemistry,4 and solvent extraction.5

Under ambient conditions, the solvents fully mix at all composi-
tions; however, as the temperature drops below T ∼ 270 K,
their solutions exhibit liquid-liquid phase coexistence.6,7 At
even lower temperatures, the phase diagram of the mixture
presents a rich variety of heterogeneous equilibria, involving
liquid and different solid phases as well.8

For quite a long time now, it has been well-known that
confinement may modify the characteristics of phase equilibria
of liquid mixtures.9-11 For example, solvation within Vycor
porous glasses affects the phase equilibria of water/lutidine12

and the critical behavior of n-hexane/n-perfluorooctane13 mix-
tures in a sensible fashion. Water-acetonitrile solutions are not
exceptions: Recently, Kittaka et al.14 reported calorimetric and
infrared spectroscopy results that would suggest modifications
in the bulk phase diagram of these mixtures, induced by the
solvation in mesopores of the MCM-41 silicate,15 with charac-
teristic pore sizes intermediate between 2 and 4 nm.

In this paper, we will present molecular dynamics results of
model systems mimicking water-acetonitrile mixtures confined
between two parallel silica plates. Our work is mainly motivated
by a series of recent computer simulation studies performed by
Giovambattista et al.,16-18 in which hydration under similar

confinement conditions has been examined. By a series of
careful modifications involving thermodynamic variables and
the chemical surface composition of the confining plates,
Giovambattista et al. found several solvation structures with well
differentiated dynamical characteristics. In a much broader
context, note that the study of liquid phases subjected to
nanoconfinement is relevant not only from a fundamental, i.e.,
thermodynamic, perspective19 but also for the correct interpreta-
tion of complex processes such as the folding of proteins,20

chemical reactivity within reverse micelles,21 nanofluidity,22,23

and wetting and dewetting phenomena.24,25

Over the last 30 years, there has been a continuous interest
in unraveling the molecular origins of the thermodynamic,26-29

structural,30-32 spectroscopic,33-38 NMR,3,39 and transport40,41

properties of bulk water-acetonitrile solutions, along the whole
composition range. At present, there seems to be a general
consensus that the observed nonidealities exhibited by these
solutions can be ascribed to concentration fluctuations, that
would bring the solutions inhomogeneous at the mesoscopic
scale. As such, the resulting structures of the mixtures would
be the result of a complex interplay between packing effects
and differences in the intramolecular connectivity (most notably
those derived from the absence of hydrogen bonding in
acetonitrile). Interestingly, these conclusions have also been
predicted on theoretical grounds,42,43 and validated by several
computer simulation studies as well.38,44,45

Compared to the previous body of experimental and theoreti-
cal research, analyses of these mixtures in inhomogeneous
environments are not that abundant: the list includes, in addition
to the above-mentioned paper by Kittaka,14 experimental46,47 and
theoretical48,49 studies of liquid/vapor interfaces and mesoscopic
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binary clusters.50 In what follows, we will present results for
the solvation of equimolar mixtures of water-acentonitrile
within confining environments, with characteristic size in the
order of 1 nm. Two well differentiated scenarios were consid-
ered: in the first one, nonpolar plate-solvent interactions prevail
(hydrophobic confinement), whereas, in the second, the external
field acting on the mixture presents a more clear polar character
(hydrophilic confinement). We will show that the presence of
an aprotic cosolvent introduces new features in the resulting
solvation structures, which differ at a qualitative level from what
is found in the pure water cases. In one case, the changes involve
total or partial water exclusion from the confined region,
whereas, in the other, clear structural distinctions between
interfacial and trapped water can be established. The latter
inhomogeneities are also observed in the characteristics of the
translation and rotational modes that dictate the dynamics of
the solvents.

The organization of the present paper is as follows: In section
II, we will describe details of the model and technical informa-
tion about the simulation procedures. Section III includes results
for equilibrium solvation structures of the mixtures, whereas,
in section IV, we present results for time dependent properties.
Concluding remarks are left for section V.

II. Model

The simulation experiments described in this paper correspond
to systems containing a pair of silica plates, held at a fixed
distance d, and immersed in an equimolar mixture of water (W)
and acetonitrile (ACN). Initial configurations for these systems
were generated from a trajectory of a bulk mixture comprising
NW ) NACN ) 1860 molecules, equilibrated at p ) 1 bar and T
) 298 K. Under these conditions, the simulation box length
roughly fluctuated around L ∼ 60.5 Å. After removing the
necessary solvent to avoid plate-solvent overlaps (of the order
of 200 molecules of each species), the pair of confining plates
were inserted at positions z ) (d/2, with their normal vectors
aligned along the z -axis (see Figure 1). The resulting systems
were then further equilibrated under ambient conditions, for an
additional period of ∼2-3 ns, until the local concentrations of
both solvents in the interplate region attained stable values.

For water-water interactions, we adopted the classical TIP3
model,51 whereas interactions involving ACN molecules were
taken from the Hamiltonian developed by Grabuleda et al.52

The latter is a fully atomistic force field that includes intramo-
lecular interactions described in terms of the stretching, bending,
and dihedral contributions. The usual arithmetic and geometric
combination rules were adopted to model W-ACN cross
interactions. To establish a correspondence between our results

and those reported in a series of previous simulations, experi-
ments on hydration under confinement,16-18,53 the model silica
plates were identical to those described in ref 16. Briefly, each
plate was modeled as a rectangular slab of thickness ∆ ) 8.66
Å, exposing two square, (1.1.1) cristobalite faces of SiO2, with
side dimensions of l ) 31.15 Å (see Figure 1).

In order to assess the importance of surface polarity on the
resulting solvation structures and dynamics of the solvent
mixture, terminal oxygen atoms lying at one of the two faces
of each plate were transformed into charged O-H surface silanol
groups. As such, two different restricted environments were
examined: (i) a hydrophobic one (PHO-PHO), generated by
approaching the nonfunctionalized interfaces, and (ii) a hydro-
philic one (PHI-PHI), by approaching the polar hydroxylated
interfaces.

Three plate-to-plate distances were considered: d ) 0.6, 1,
and 1.5 nm. The first two separations are comparable in size
with the characteristic length scales describing interparticle
spatial correlations in the bulk mixtures, while the last one is
more comparable to the size of inhomogeneous mesoscopic
W-rich and ACN-rich domains that have been invoked to
rationalize experimental structural and dynamical characteristics
of these mixtures.43,45 Additional details pertaining to the
geometrical atomic arrangement of the substrate and Hamilto-
nian parameters describing wall-solvent interactions can be
found in ref 16.

Long range forces arising from Coulomb interactions were
treated by implementing a particle-mesh Ewald sum procedure.
Meaningful statistics were collected along 5 ns production runs.
In all cases, we verified that solvent densities at large distances
from the confined environment agree within ∼1% with the
corresponding bulk values.54

III. Equilibrium Solvation Structures

A. PHO-PHO Arrangement. We will start our analysis
by examining structural features of the confined mixed solvent,
in the PHO-PHO arrangement. We will focus attention on site
density fields along the z-direction of the type

where zi
R is the z-coordinate of the ith site of species R, FR )

〈∑i δ(ri
R - r)〉 represents its average density in the bulk, and

the angular brackets denote an equilibrium ensemble average.
In the previous equation, the sum is restricted to those molecules
whose coordinates satisfy |xi

R| < l /2 and |yi
R| < l /2.

In the top panels of Figures 2 and 3, we present results for
spatial correlations associated to oxygen sites (R ) W) and the
central carbon atom (R ) ACN), for the PHO-PHO arrange-
ment, for the two limiting values of d investigated. Perhaps the
most interesting observation that can be made from the direct
inspection of both sets of results is the dramatic reduction of
the water local concentration along the interplate region. Note
that, for the shortest distance analyzed, d ) 6 Å, the water gW(z)
profile vanishes for |z| < d/2. On the other hand, the ACN profile
looks like a wide peak, with a small indentation at the top,
revealing that the structure of the confined solvent can be
pictured in terms of a pair of layers, involving ∼20 molecules,
in close contact with each one of the plates. At larger values of
d, both solvents contribute to the interplate solvent populations,
although still the ACN contribution is more prevalent. More
precise quantitative estimates for the local ACN concentration

Figure 1. Geometrical arrangement of the simulation box.

gR(z) ) 1
FRl

〈 ∑
i

δ(zi
R - z)〉 (1)
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enhancement phenomenon can be obtained from the overall
ratios of molar fractions

which are listed in the first column of Table 1a. In the previous
equation, NjR ) NR(d/2), where NR(z) denotes the cumulative
integral,

Note that, even at interplate distances as large as d ∼ 15 Å, the
value of eA/W is still of the order of ∼1.5.

These strong fluctuations in the local density fields for d )
6 Å are the results of combined effects arising from the
confinement and the prevailing plate-solvent hydrophobic
interactions. The comparison with the solvation at the external
faces of the plates in the complementary PHI-PHI arrangement,
where confinement effects can be safely discarded, is instructive
(see the bottom panels of Figures 1 and 2). On the basis of the
magnitudes of the main peaks of gA, at the external interface, it
is clear that plate-solvent hydrophobic interactions promote a
local increment of the ACN concentration of similar magnitude
than in the interplate region. However, the absence of confine-
ment allows the appearance of a peak in gW(z) distribution,
involving ∼10 water molecules, along the lateral 13 Å j z j
16 Å interval. Within this context, we also remark that the
reduction of the water population in the confined region, which
leads to the complete absence of water for d ∼ 5-6 Å, is akin
to the drying transition reported by Giovambattista et al.16 for
confined water in the same interplate distance range. This feature
has been ascribed to a delicate interplay between the geometry
of the environment and the thermodynamic properties of bulk
and surface water, at the vicinity of its normal liquid-vapor
phase equilibrium.

Orientational correlations provide supplementary information
about the solvation under hydrophobic confinement. In Figure
4a, we present results for polarization densities of the type

where θi
R is the angle subtended between the z-axis and the

dipole of the ith molecule of species R. At the shortest distances,
d ) 6 Å, the polarization along the z-axis presents two peaks
of magnitude ∼ (1, located at z ) -0.75 Å, which corresponds
to the above-mentioned ACN molecules in close contact with
the hydrophobic surfaces. Still, the magnitude of overall dipolar
alignment along the z-direction is not relevant: a rough estimate
of the average individual orientation of the molecules lying in
close contact with the solid substrate can be inferred from the
ratio of areas:

which shows that the ACN molecules remain practically with
their dipole axis parallel to the plane of the hydrophobic
interface. The sequence of slabs with positive and negative
polarizations observed as we move from negative to positive
values of z, which is also clearly perceptible in the positive z-axis
in the profile for d ) 15 Å (see top panel of Figure 4a), would
indicate a layer-like ACN solvation structure, with antiparallel
dipolar alignments. Concerning water orientations, the corre-
sponding profiles in the confined region are featureless.

B. PHI-PHI Arrangement. The equilibrium solvation
structures described in the previous section undergo sharp
modifications under hydrophilic confinement. Results for solvent
densities are shown in the two panels of Figure 3. In the

Figure 2. Density fields associated to W-oxygen (squares, right axis)
and A-central-carbon sites (circles, left axis) for d ) 6 Å. The results
shown in the top (bottom) panel correspond to the PHO-PHO
(PHI-PHI) arrangement. The shaded areas correspond to the volume
excluded by the plates. Hydrophobic (hydrophilic) silica interfaces are
rendered in blue (red).

Figure 3. Same as Figure 1 for d ) 15 Å.

TABLE 1: Solvation Parameters for Confined
Water-Acetonitrile Mixtures

a. Hydrophobic Confinement

d (Å) eA/W D̃W
| D̃ACN

| τ̃W τ̃A

6 J20 0.09 ( 0.03 8.7 ( 1.2
10 4.3 0.18 ( 0.06 0.17 ( 0.05 1.8 ( 0.4 5.7 ( 0.6
15 1.7 0.23 ( 0.06 0.20 ( 0.05 1.5 ( 0.3 3.1 ( 0.4

b. Hydrophilic Confinement

d (Å) eA/W
a D̃W

| D̃ACN
| τ̃W τ̃A

6 2.7a ∼0.03b ∼0.01 ∼17c ∼50
∼0.002c ∼300c

10 2.5a 0.13b ( 0.04 0.07 ( 0.04 5.8b ( 0.9 8.1 ( 0.9
∼0.008c ∼230c

15 2.0a 0.22b ( 0.05 0.14 ( 0.08 3.1b ( 0.4 3.6 ( 0.7
∼0.01c ∼130c

a Only nonbound water was considered. b Confined nonbonded
water. c Bonded water.

eA/W )
xACN

xW
)

NjACN

NjW

(2)

NR(z) ) FRl 2 ∫-z

z
gR(z') dz' (3)

µR(z) ) 1

FRl 2
〈 ∑

i

δ(zi
R - z) cos θi

R〉 (4)

cos θA ∼
∫0

d/2
µA(z) dz

∫0

d/2
gA(z) dz

∼ -0.05 (5)
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interplate region, the profiles are clearly dominated by the O
main peaks, located practically at z ) d/2 (we recall that the
spacing between the plates is given by the difference between
the z-coordinates of the H atoms of the silanol groups).
Moreover, the cumulative integrals reveal that these adsorbed
layers, hereafter referred to as bound water (BW), include NBW

∼ 40 water molecules. Still, note that, in the central interplate
region, one observes a clear enhancement of the acetonitrile
concentration when it is compared to that of confined, albeit
not bound, water (CNBW) molecules (a factor of ∼ 2 for d )
15 Å, see column 2 of Table 1b).

The position and the somewhat unusual magnitude of the BW
peaks, gO(d/2) ∼ 8, indicate a large extent of structural stability
worth investigating in more detail. The direct observation of a
large series of configurations of the adsorbed W layers was
useful to shed light on additional features. In particular, we
observed that the adsorbed layers consist of regular, two-
dimensional arrays of water molecules lying at interstices,
equidistant from three adjacent silanol groups.53 Concerning their
intermolecular connectivity, these molecules exhibit clear
double-donor-single-acceptor hydrogen-bond characteristics.
The top panel of Figure 5 shows a snapshot of a typical
configuration of a solvated hydroxylated silica substrate, in
which this particular spatial arrangement and connectivity
pattern are self-evident.

To validate this observation on more quantitative grounds,
we computed the distribution function of OH intramolecular
bond orientations for BW along the z-axis, namely,

Here, ẑ represents a unit vector, inward-pointing to each solid
substrate, whereas the sum in eq 6 includes only BW molecules.
The plot for the distribution corresponding to d ) 6 Å is shown
in the bottom panel of Figure 5. One observes a main peak at
cos θ ∼ 0, which is accordant with the W-silanol coordination
described above, flanked by a much smaller lateral shoulder
along -1 j cos θ j -0.7 that would indicate OH bonds
pointing outward into the adjacent liquid phase. Interestingly,
at this plate-to-plate separation range, this adjacent liquid phase

is practically devoid of W molecules and is composed exclu-
sively by ∼20 ACN molecules, with practically no participation
of CNBW molecules. Consequently, the small number of out-
of-plane OH bonds would act either as dangling groups or as
potential hydrogen-bond donors to negatively charged N atoms
in nearby ACN molecules.

At this point, it will be instructive to pause for a moment to
establish similarities and differences between the previous
description and the one reported by Lee and Rossky53 for the
hydration of a similar, albeit well separated, pair of hydrophilic
surfaces. To facilitate the comparison, in Figure 5, we have
included their results for Pcosθhb reported in ref 53. For the latter
case, note that a sizable number of OH groups of BW molecules
point inward to the surface. As such, the “idealized” structures
suggested by Lee and Rossky can be portrayed in terms of BW
molecules coordinated to the silanol substrate from more
external positions, with respect to the plane of the interface.

The overall picture of what emerges from this highly
structured hydrophilic solvation pattern in mixtures suggests that
it is the result of the combined effects arising from (i) the
particular “architecture” of the hydroxylated cristobalite inter-
faces that provides an optimal arrangement of adsorption sites
to easily accommodate solvents with sizes close to that of a
water molecule; (ii) moreover, this geometrical arrangement
leads to the saturation of the W-silanol intermolecular con-
nectivity by means of a percolating network of in-plane
hydrogen bonds; (iii) as a result, beyond this tightly bound water
layer, the adjacent layer would be rich in ACN, revealing a
drastic attenuation of the “hydrophilic character” of the original
interface induced by the adsorbed aqueous layer; (iv) finally,
packing effects arising from geometrical restrictions imposed
by the confinement, combined with much weaker A-W
interactions55scompared to W-silanol onesswould also con-
tribute to “push” the BW layer deeper into the solid substrate.

Figure 4. Orientational correlations for confined W-ACN mixtures
at different interplate distances: (a) PHO-PHO arrangement; (b)
PHI-PHI arrangement. The labeling is similar to that shown in Figure
1. Profiles for the negative portion of the z-axis are antisymmetric with
respect to those shown in this figure.

Pcosθhb(cos θ) ∝ 〈 ∑
i

δ(cos θi
OH - cos θ)〉;

cos θi
OH )

(rH
i - rO

i ) · ẑ

|rH
i - rO

i |

(6)

Figure 5. Top panel: Snapshot of a typical configuration of bound
water (dark colors) adsorbed at the hydroxylated SiO2 surface (light
colors). The central triangle highlights the intermolecular connectivity
of a bound water embedded between three silanol groups. Bottom panel:
Distribution function for the projection of OH vectors along the z-axis
for bound water molecules (solid line). The open circles correspond to
results for trapped water taken from ref 53.
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Of course, these effects get somewhat milder as d increases:
in the bottom panel of Figure 3, it is clear that the solvent layers
adjacent to the BW also include a number of water molecules
close to 10, a fact that would bring the overall scenario
somewhat closer to the Lee-Rossky one (see also the profiles
for the solvation of the external plate faces in the PHO-PHO
arrangement). Before closing this section, we remark that the
polarization profiles shown in the right panel of Figure 4 are
accordant with the previous discussions: in the interplate region,
water polarization along the z-axis remains even smaller than
that for ACN which, in turn, maintains its oscillating character
for the largest value of d considered.

IV. Dynamical Characteristics of Confined Mixtures

The solvation characteristics described in previous sections
have interesting consequences on the dynamical side as well.
Our analysis in what follows will be based on the examination
of translational and orientational modes of each solvent.
Following previous analyses, a rough estimate of the diffusive
behavior of the confined solvents can be obtained from the
temporal dependence of parallel displacements of the type

where the correlation includes contributions from those mol-
ecules lying in the interplate region at times t and 0, exclusively.
Results for DR

| for hydrophobic confinement are presented in
the third and fourth columns of Table 1a. In order to single out
confinement effects and minimize eventual deficiencies in the
dynamical description provided by our choice for the Hamil-
tonian, the results are displayed in terms of D̃R

| ) DR
| /DR

blk, the
fractional deviations with respect to bulk diffusion constants in
the mixture. For the latter values, we obtained DW

blk ) 2.95 ×
10-5 cm2 s-1 and DACN

blk ) 2.90 × 10-5 cm2 s-1, which are in
reasonable agreement with the experimental results.40

The results for D̃R
| listed in Table 1a reveal drastic reductions

in the diffusive dynamics of the mixtures, even for the longest
distance considered. We remark that this overall slowdown of
the translational modes is much more marked than the one
reported for the pure water case, where the drop in the diffusive
constant was found to be intermediate between 0.6 and 0.3, for
similar values of d.56 In fact, the direct comparison between
the two sets of results, at the same value of d, is not totally
adequate. Given the larger molecular size of ACN compared with
W, we tend to believe that a more appropriate comparison could
be established at similar values of d* ) d/σj, where σj would be a
length scale representative of an “average” molecular size of the
mixture (without being too rigorous, say, (FW + FA)-1/3). We will
not get deeper into this issue, since it is beyond the scope of the
present article, although we remark that such a procedure would
bring the two sets of results in much closer agreement.

Results related to the rotational dynamics of the mixtures are
shown in the last two columns of Table 1a, where we display
values of τ̃R, the normalized time integrals of the single dipole
autocorrelation function, namely,

In the previous equation, µR
i represents the dipole of the ith

confined molecule of species R. The entries in Table 1 were
obtained from best fits, assuming a functional form for the dipole
correlation function of the type A1 exp(-t/τ1) + A2 exp(-(t/τ2)�),
and from the corresponding rotational relaxation time scales for
the bulk mixtures: τW

blk ) 7.7 ps and τACN
blk ) 5.9 ps. In addition to

the somehow expected overall retardation, one observes that the
hydrophobic confinement hinders the rotational motions of the
trapped acetonitrile molecules in a much more sensible fashion
than those for water. Moreover, the modifications in the
rotational constants for the latter solvent are comparable to those
observed for pure water under similar confinement conditions.18

Table 1b includes results for the dynamics under hydrophilic
confinement. For these cases, we discriminated between BW
and CNBW molecules. For the former case, note that transla-
tional and rotational characteristic time scales are between 1
and 2 orders of magnitude longer than in the previous cases.
Moreover, in most cases, the magnitude of these temporal scales
involves time spans of the order of several hundreds of
picoseconds. Given the length of our simulations, our estimates
are likely to be affected by a non-negligible degree of
uncertainty due to the lack of statistics; as such, the values
shown in Table 1b should be regarded only as qualitative
indicators. Still, two observations are worth mentioning: (i) our
results would confirm that, compared to the pure water solvation
under similar conditions, the presence of a second, aprotic
solvent provides an additional stability to the BW layer. In the
d ∼ 1-1.6 nm range, the increases in the corresponding τ̃ are
of the order of ∼2,18 while, here, the differences may go up to
2 orders of magnitude; (ii) contrasting with the pure water cases,
no signs of nonmonotonic dynamical behaviorsthat would
eventually manifest a decoupling between rotational and trans-
lational modesswas detected for these mixtures.18

V. Concluding Remarks

The results presented in this paper provide new insights
concerning the behavior of polar mixtures, comprising protic-
aprotic solvents, confined between two perfectly planar, silica
surfaces. At sufficiently short interplate distancessd ∼ 0.6
nmswater molecules get expelled from hydrophobic environ-
ments, a feature that resembles very much the drying transition
observed under similar circumstances in aqueous solvation.16

As d becomes of the order of ∼1 nm, the entropic costs of such
local concentration fluctuations are prohibitively high and water
starts to get incorporated into the confined slab. Anyhow, even
for interplate distances of the order of ∼1.5 nm, the local water
concentration within the confined region remains much smaller
than that of acetonitrile. As a possible explanation to rationalize
this feature, one could speculate that the resulting concentration
fluctuations promote minimal disruptions in the water hydrogen
bond connectivity imposed by the presence of the hydrophobic
walls.19 Anyhow, a more detailed analysis will necessarily
include considerations pertaining to the characteristics of the
fluctuations that take place in the neat solution at the mesoscale,
an issue that has been examined in detail in several papers43-45

and that will require further investigation.
Contrasting with the previous case, our results show that

hydrophilic confinement does promote a net increment of water
in the interplate region, although its local distribution is highly
inhomogeneous. On the one hand, one observes a tightly bound
water layer in close contact with the hydroxylated silica
substrate. The unusual stability of this layer is made possible
by the coincidence of an optimal geometrical arrangement of
the surface that makes the embedding of water molecules in

DR
| ) lim

tf∞

RR
2(t)

4t

RR
2(t) ) 〈(xR

i (t) - xR
i (0))2 + (yR

i (t) - yR
i (0))2〉 (7)

τ̃R ) 1

τR
blk ∫0

∞ 〈µR
i (t) ·µR

i (0)〉

〈|µR
i |2〉

dt (8)
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specific sites possible, equidistant to three silanol groups.
Moreover, the stabilization of this layer seems to be enhanced
by the presence of a second solvation layer composed exclu-
sively by acetonitrile that benefits BW-substrate interactions,
in detriment of BW-solvent ones. This particular structure
would be the result of the lack of out-of-plane OH groups
available for coordination with more external water molecules.
Beyond this second shell, and at sufficiently long interplate
distances, one finds confined water-acetonitrile mixtures with
local concentrations that resemble very much the hydrophobic
scenario previously described.

The previous structural considerations have clear consequences
on the dynamical side. In particular, the larger molecular size of
the acetonitrile molecules enhances the overall retardation of the dy-
namical and rotational modes in hydrophobic environments, when
the comparison is established with the pure water case, at similar
values of d. These modifications are even more dramatic for the
hydrophilic case, where diffusion and characteristic rotational times
for BW and CNBW may differ up to 1 order of magnitude.

The applicability of the present results to a wider variety of
polar mixtures, including protic-protic combinations, such as
methanol-water, for example, is certainly an open question that
deserves further investigations. The latter mixtures also present
structural inhomogeneities in the mesoscopic range, although
their characteristics differ from the ones encountered in W-ACN
mixtures.57 From a speculative perspective, we are led to believe
that the similarities of the molecular dimensions of the two
solvents and the additional possibility for methanol to act as a
hydrogen bond donor, would render water-methanol scenarios
somewhat closer to the ones for pure water. Investigations along
these lines are currently being undertaken. However, we are
confident that the physical implications derived from the results
presented in this paper will remain enlightening for the correct
interpretation of the behavior of polar mixtures within confining
environments of more complex geometry and chemical char-
acteristics than those presented here.
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(29) Douhéret, G.; Moreau, C.; Viallard, A. Fluid Phase Equilib. 1985,

22, 289.
(30) Nishikawa, K.; Kasahara, Y.; Ichioka, T. J. Phys. Chem. B 2002,

106, 693.
(31) Takamuku, T.; Tabata, M.; Yamaguchi, A.; Nishimoto, J.; Kuma-

moto, M.; Wakita, H.; Yamaguch, T. J. Phys. Chem. B 1998, 102, 8880.
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