JOURNAL OF CHEMICAL PHYSICS VOLUME 114, NUMBER 8 22 FEBRUARY 2001

Atomistic computer simulation of the clay—fluid interface
in colloidal laponite
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Monte Carlo and molecular dynamics computer simulations have been used to study the structure
and dynamics of the interlayer aqueous solution in a colloidal sodium laponite clay at 277 K. The
system studied has a clay—clay spacing of 34.06 A, and contains 1200 interlayer water molecules
and 24 sodium counterions. The density profiles for interlayer species show two distinct layers of
surface water as one moves away from the clay particles. The innermost of these layers is strongly
oriented to form hydrogen bonds to the surface oxygen atoms. Radially averaged pair distributions
have been calculated as a function of distance from the clay surfaces, and show that throughout our
system the water structure is significantly perturbed from the bulk. In particular, we observe an
increase in the second nearest-neighbor oxygen—oxygen distance, similar to that reported for
low-density water at 268 KA. K. Soper and M. A. Ricci, Phys. Rev. Le@4, 2881(2000]. The
majority of the sodium counterions are fully hydrated by six water molecules. These hydrated ions
have a strong tendency to remain close to the solid surfaces, as so-called “outer-sphere” complexes.
However, we also observe cations further from the clay sheets, in the diffuse layer. Diffusion of
water and cations in the plane of the clay sheets is comparable to that in the bulk, but is significantly
reduced normal to the clay sheets. Z001 American Institute of Physics.
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I. INTRODUCTION cess of 30 A, using models and methodology developed dur-
ing previous studies of lower clay hydrates. We analyze the

Molecular level understanding of the properties of aque-interlayer structure and diffusion parallel and perpendicular

ous solutions close to charged solid surfaces, in the electricab the clay sheets. In addition, we calculate the density of

double-layer, is of fundamental importance for many pro-interlayer water as a function of distance from the clay

cesses. These include colloidal interactions, membrane fosheets. We observe two distinct layers of surface water as

mation and stability, protein folding, electrode reactions, ancbne moves away from the clay particles. However, structural

mineral formation and dissolution. The conventional pictureanalysis shows that throughout our system water is signifi-

of the electrical double-layer region is based on the primitivecantly perturbed from the bulk. Cations are predominantly

model, in which the solvent is treated as a dielectricpresent as fully hydrated “outer-sphere” complexgdp-

continuum*? Electrostatic interactions among the ions andcated approximately 4.25 A from the nearest clay surface.

surfaces then give rise to so-called conden&®rmn and

diffuse (Gouy—Chapmanion distributions. However, recent

experiments have shown that for surface—surface separatioHs'NTERACTION POTENTIALS AND METHODOLOGY

less than 30 A the molecular nature of water and the hyA. Simulation box

drated species dominates the structure and interactioms. The simulation box contains a 42.24 by 36.56 A slab of

this regime atomistic Ievellcpmputer. simulations can plqy alaponite clay, 24 sodium counterions, and 1200 interlayer
very valuable role by providing detailed portraits of the L molecu’Ie$Fig. 1). The overall eq’uilibrium clay—clay

rfacial hase. L . "
terfacial aqueous phase . pacing is 34.060.08 A. Periodic boundary conditions rep-
Computer studies of aqueous solutions at charged metal- . ; . . . .
: S I icate the simulation box in three dimensions, creating a
lic surfaces have already made significant contributions to

our understanding of electrochemical systéh&-1in ad- stack of infinite parallel clay layers with water and sodium

dition, work on hydrated clays has resolved many key prob-C ountenon_s ffee to move in the m_terlayer Space.
Laponite is a synthetic smectite clay that resembles the

lems concerning hydration and speciation at charged silicate o . .
214 . . natural clay hectorite in structure and comp03|ﬂSAtom|c
surfaces" However, for practical reasons, most of this

. sitions and charges of the unit cell used to create our slab
previous research has focused on surfaces separated by o . . . . ;
. . of laponite are given in Table I. This cell was replicated
a few molecular layers of water. There is now an opportunity, . . . -
. I - through a point of inversion at the origin, and converted to a
to extend this approach to systems at the limit of validity for . . . o
- rhombohedral unit. The composition of this unit is on aver-
primitive models.
. , . age
In this paper we report on computer simulations of hy-

drated sodium laponite clay with a clay layer spacing in ex- [ Mgs d-ig.75/SigO20(OH), Nag 75. @
0021-9606/2001/114(8)/3727/7/$18.00 3727 © 2001 American Institute of Physics
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FIG. 1. (Color) Snapshot of the molecular dynamics simulation box used for the current studies of the interlayer fluid structure and dynamics in laponite. Each
laponite layer contains a total of 1344 atoms and possesses a net negative chargéeofThe layer on top was added for better visualization. The
dimensions of the cell are 42.24, 36.56, and 34.06 A-iry-, and z-directions, respectively. The interlayer region contains 1200 water molecules and 24
charge balancing sodium counterions. Oxygen atoms are represented by red spheres and hydrogen by the white. The larger blue spheres aressodium cation
The sheet in the middle of each clay layer contains green lithium and magnesium. The remaining yellow atoms, bonded to oxygen atoms on the surface of the
clay layer, are silicon.

It was then repeated 32 times, 8 times along twrection  which represents water as a rigid molecule with four inter-
and 4 times along thg-direction. The clay sheet in the simu- action sites. Site—site interactions involve Coulomb and
lation box therefore contains a total of 1344 atom sites. Thé.ennard-Jones 6—12 terms,

overall negative charge arises from substitution of lithium

for magnesium among the octahedrally coordinated cations _qi9; A |, By
: o v =~ — + 5. @)
that are located at the midplane of the clay sheets. These sites """ rj ry r

were selected to lie as far apart as possible, thereby produc-
ing a regular rather than random array of lithium atoms. TheA charge+0.52% is placed on each of the hydrogen sites and
overall charge of the simulation slab+is24e, so the charge a negative charge-1.04e on a massless site, situated to-
density is 0.24 ci?. wards the hydrogen atoms and alo@g symmetry axis of
the water molecule. The fourth site is a neutral oxygen atom,
which is the only Lennard-Jones site on the water molecule.
The interaction potentials used here are the ones of Boekhe parameters for the O—O interaction are shown in Table
et all” These are based on the TIP4P model of Wiw@é? II. The distances between the massless Mtethe hydrogen

B. Interaction potentials
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TABLE |. Atomic positions and respective effective local charges in the During this part of the simulation we again applied a uniaxial

un?t gell of Igponite. Thehlocal pharges shownlwer‘e used in(g)qfor the stress & 1C° Pa perpendicular to the clay sheets, but no
pair interactions$.In the simulation cell shown in Fig. 1, one in four octa- . —
change inz was noted.

hedral Mg sites are replaced by Li, with a charge+af.0Ce. . . .
During the production molecular dynamics run the sys-

Atom x (A) y (A) z(R) ale) tem sampled theN,V,E) ensemble. In total, we present
0 (surface 264 0.00 328 0.80 results from 10'? time ste'ps of 0.0005 ps, in ther words
O (surface 1.32 2.8 3.28 ~0.80 100 ps. No velocity rescaling was required during this pe-
O (surface 3.96 2.28 3.28 —-0.80 riod. The structure of the interlayer fluid was recorded every
O (OH) 0.00 0.00 1.06 —-1.52 100 time steps, from which we obtained average samples.
H ©OH 0.00 0.00 20176 +0.52 Long-range Coulomb interactions were handled using
Si 2.64 1.52 2.73 +1.20 he Ewald techni i three di 23h
Si 5 28 3.05 273 +1.20 the Ewald sum technique in three dimensi e param-

O (apica) 264 1.52 1.06 ~1.00 eters used in the Ewald sum were optimizedMmLDY : the
O (apica) 5.28 3.05 1.06 —-1.00 reciprocal space cutoff was set to 1.82Aand the real/
Mg 1.76 0.00 0.00 +2.00 reciprocal partition parametes,=0.268 AL. An interaction
Mg -0.88 1.52 0.00 +2.00

Mg o088 s 0.00 900 cutoff of 12.64 A was usedmoLpy does not follow the

minimum image convention. Instead, the list of neighboring
Reference 17. cells includes all periodic images of a particle which are
within the interaction cutoff.

In order to calculate the nominal volume occupied by the

atoms, and the oxygen argo=0.15A andr.,,=0.9572A, interlayer fluid, a control simulation of dry laponite was car-

respectively. The angle/l—FJH fixed at 104.52°. ried out by simply removing all water molecules from the
The water—sodium interactions used in the simulation$YStém. A Monte Carlo simulation at constant 10_5 Pa and

are the ones incorporated into the “OPLS” set of interactiont®MPeraturel =277 K gave a dry clay—clay spacing of 9.50

potentialst® and are compatible with the TIP4P modéThe A and an equilibrium volume/(0)=14 670.8 R for tt‘g
clay sheets were then adapted to the TIP4P-OPLS models ymulation box, which compares tg(1200)=52598.7 A
placing interaction sites on the oxygen atoms, with Lennardfor the hydrated laponite. The apparent average density of

Jones parameters equal to those in TIP4P water. Parti¥yater in our laponite can then be calculated using the effec-
charges are assigned to clay sites as shown in Table . tV€ vqumr—.:3V(1200)—_V(0). This procedure gives 0.95
+0.02 gcm ™ for the interlayer water. However, we note

here that the simulated spacing for dry clay is rather low, due
C. Simulation runs to the ability of the sodium counterions to sink into the hex-

agonal ring sites on the clay surface. If we take the experi-

The starting configuration was prepared by placing so | val £ 10.28 A f q : £ hedral
dium counterions 8 A from the lithium sites in the clay sheet, MeNtal value of 10.28 A for a dry clay of low tetrahedra
charge? the water density is then 0.98.02 g/cn®.

Water molecules were placed randomly in the remaining in- A lecular d . imulati ¢ bulk I
terlayer space, but at least 1.5 A from the nearest site. The molecular dynamics simulation of bulk water at

starting clay layer spacing was 34 A. A constant stress_ 277K andp=10°Pa was also performed with 256 water

Monte Carlo preequilbration run of $0terations was then molecules interacting via the TIP4P potential. The system

conducted at 277 K and with a pressure of 10° Pa applied was first allowed to relax into the appropriate volume, lead-
. I ) - —320

normal to the clay sheetin the zdirection.?* Equilibration M9 to an eql_J|I|br|um densn)pwate,—l.OZtO.ngcm :

was conceded when total energy and clay layer spacing Og’_he qulllbratlon_ was followed by a produc_non run of 100

cillated about their mean values in the normal way. ThePs: again 210 time steps of 0.0005 ps. This allowed us to

equilibrated system was then passed on for molecular d)/gxtract structural and dynamical information for comparison.
namics.

Molecular dynamics simulations were conducted using!l. RESULTS AND DISCUSSION
the codemoLDY.??> We used a time step of 0.0005 ps, and

allowed the system to equilibrate for a furthex 50" time interlayer solution, both parallel and normal to the plane of

steps. During equilibration, a l\!o&daoover thermostat was the clay sheets. Data are presented for single particle density
coupled to the system. For this purpose the temperaturl%

b . : _profiles[p,(x), p.(y) andp,(z)], and self-diffusion coeffi-
velocities were rescaled every 250 time steps, using the | cients ©,). In addition, we calculate pair distribution func-

stantaneous kinetic energy, for each species individually,fions for interlayer specieig, 4(r)], as a function of a par-
ticle’s distance from the clay surfaces.

We present results for the structure and dynamics of the

TABLE Il. Lennard-Jones parameters used in B).for pair interactions.  A. Density profiles

A (kcal A8 molY) Bx 102 (kcal A molY) The density profiles normal to the clay sheets were cal-
culated from the 2000 interlayer configurations dumped dur-
0-0 610 600 . ) : .
O—N& 428 017 ing the production run, using the equation
Na"—Na" 300 14.0 1 dny(2) .
Z)=— ,
Reference 17. Pal2) Ay dz ©
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" ' ' laponite is covered almost exclusively by adsorbed water

molecules.

0111 i i |t The time scale of the simulations and relatively small

i i i i number of counterions prevents us from drawing unambigu-

g "' I ous conclusions regarding the relative populations of peaks
o > in pna(2). However, it should be born in mind that the start-

,/ \_1_\_“‘»,__‘_,-\_”,.\-/ \‘ M . . . . A

] Vif (] ing point of the sodium counterions w& A from the nearest

)

Po(2), Pu(2), 10 X py,(2) (Angstrom

iy
0.05 | il 14 E li r clay sheets, and so the ions therefore had to travel towards
z "/\ " : : the clay sheet to reach the main peal{zhh 9.5A. During

: W YT N the 100 ps of simulation no sodium cation traveled across the

il ' il simulation box, from one surface layer to the opposite side.
: ) o ‘-\,\l There are very few direct measurements of aqueous

0_15 10 .5 0 5 10 15 structure at a coIIoida! surface. Mo;t reIe_vant to our current

z (Angstrom) work are high resolution neutron diffraction studies of hy-

drated vermiculite clays, using isotopic labelihyln these
FIG. 2. Density profiles normal to the clay shegig(z) for oxygen(solid studies the counterions were short chain alkylammonium,
curve, py(z) for hydrogen(dotted-dashed curyeand py4(z) for the so- + ; _ ;
dium counteriongdashed ling The latter has been multiplied by a factor of such as QJ7N|;3|  with (]:(lay Clay spagmgds O; the o(rjdelr 40
10 for better visualization. The horizontal line shows the density of oxyger(&' Two ordered layers of water .are "f] e.e O S?rve close to
atoms in pure bulk TIP4P water at 277 K. the clay sheets, but the counterion distribution is centered on
the midplane of the interlayer region. The latter may be a
peculiarity of the particular counterions, which have hydro-

phobic end-groups, or the clay surface, which is more highly
with a=0. H. and N& . A..=1544.29 R is the area of the charged than laponité. Surface force measurements of in-
simulation' bc’)x in th@(ly—gl):eme anddn (2) the number of teractions between hydrated mica clay plates show oscilla-
atoms of speciea between planes andaz+dz The density tions at separations of less than 3¢ Ahese are consistent

profiles for the interlayer oxygen and hydrogen and sodiun)(vith our calcula_ted layering of yvater at the surf_ace, but cquld
cations, po(2), pu(2), andpya(2), respectively, are plotted equally well arise from the different counterion hydration

in Fig. 2. The latter was magnified by a factor of 10 for betterSt2eS observed in our simulations. X-ray standing wave

visualization. Thez-axis on these figures represents the disStudies of the rutile-water interface provide quite detailed

tance to the midplane between two parallel opposite Cla)lpformatlon on the counterion distributidnRecent studies

layers. The surface oxygens of the clay sheets therefore lie 3f" rubidium ions show a large population in the inner-
313 75 A ¥a y sphere, probably due to the very weak hydration of this

cation?*

The density profil exhibits two large peaks near
ity profilepy,(2) exhibits tw ge p For us to understand the thermodynamics of the confined

the clay surface, diz|=11.9 and 10.7 A. Theo(z) shows o . g .
one large peak, also near the clay surfacelzat11.0 A water, it is important to establish the interlayer density. We

Iready shown that the average value for water in our
between the two large hydrogen peaks. A smaller oxygeﬁ"’w(e already :

peak occurs alz|=7.5A, and is coincident with a similar Iapdonlltg&lsoscl)lghtlly Iggver than .thalt mche buﬂ@.?}&io.oz
feature inpy(z). We therefore conclude that the first layer of and: L. 02 glen™, respectively. However, this com-

water is hydrogen-bonded to the surface oxygen atoms of th@arison depends on tharbitrary definition of the dry clay

clay surface. The second molecular layer of water is nOyolume. For this reason it is instructive for us to calculate the

strongly oriented with respect to the clay sheets, and therdvater density as a profile across the interlayer region. To aid
fore acts as an intermediary between the surface and tﬁge reader, the number density of oxygen atoms in bulk wa-

bulk. This picture is consistent with those derived from pre—tzerl' 0'03§5 A% is shown as the ZOI":] hOI‘IZOI’]ta|f|IEe n F'Ig'
vious simulations of clay system&** and negatively . It can be seen that even towards the center of the interlayer

charged metal surfacdé:8-11 region, this asymptote exceeds the density of the confined

The sodium density profiley,(z) has a dominant peak water. In fact, the mid-plane interlayer figure of 0.0310°A
at|z|=9.5A, a distance of 4 2; A from the clay surface is closer to the value of 0.0295 & obtained for low density

These cations are fully hydrated by six water molecgiee  Water at 268 K25 We discuss the structural interpretation of
Sec. Il B), and are termed outer-sphere compleXda. spite this Sﬁec_t n Seifl' ”I.B'h | fthe cl h |

of their proximity to the clay surface, these cations are not ensity profiles in the plane of the clay sheels were a'so
bound to any particular lithium site, as we will see from thecomputed for water molecules adsorbed to the clay surface

diffusion coefficients calculated in Sec. IlIC. A relatively using, forx for example,

small fraction of sodiums exist as partially hydrated “inner- 1 dny(x)
sphere” complexes, in direct contact with the clay surface  pa(X)= 21— — (4)
and directly above a lithium atom. Further from the clay vz

sheets we see the beginnings of a diffuse population of courFhese data are shown in Fig. 3. The cutoff for the first layer
terions. The distribution in this region is still weakly dis- of water molecules was taken fg>10.0 A from the mid-

cretized, presumably by the formation of second and thircplane of the interlayer region. The position of oxygen and
hydration spheres. This scenario suggests that the surface ladhium atoms in the clay sheet is indicated in these figures,
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0.04 . . : 10 . Py pE— :
Onao 15 | Nyan B
8 - 1
=10t 1
« 0.03 1 c
Ei 6 L 5 | nNaO 4
— 0 L L L
g i‘% 1 2 3 4 5
= o r (Angstrom)
2 0.02 . 47
2 L
0.01 : : : :
-25 -15 -5 5 15 25 0
(a) y {(Ansgtrom) 1
0.02 . i , ' r (Angstrom)
: x3 )? ><3 : )f ><2 f FIG. 4. Sodium-centered pair distribution functiogge(r) and gyao(r),
066 6006006660666066 averaged over the whole simulation box. The coordination numbgjs)
0.015 |  000000POOOHOOOEOHOOOOORO00000000 | are represented in the insets, and show sixfold hydration.
’ n W (
Q R A
ix near positions of the magnesium row containing the highest
¢ 001 1 number of lithium substitutions, and therefore the highest
% negative charge density. The results in Fig. 3 therefore
& clearly indicate the high level of organization of the first
0.005 | adsorption layer of water on the surface of laponite.
B. Pair distribution functions
05 15 5 5 15 25 The three-dimensionally averaged radial pair distribution
(b) x (Angstrom) functions are plotted in Figs. 4 and 5 and were computed

_ _ _ _ from the simulation data using the definition
FIG. 3. Density profiles parallel to the clay sheets(dn the density profiles

for interlayer oxygenpo(y) (solid curve and hydrogenpy(y) (dotted- 1 d naﬁ(r)
dashed curve In (b), po(X) (solid curve andpy(x) (dotted-dashed curye ga,g(r) = Amor2  dr 5
These were calculated for oxygen and hydrogen in the first adsorbed layer of TPp

interlayer water molecules, for whid|>10.0 A. Thep,, were halved for wheredn,4(r) is the number of particles of speciggin the
easier visualization. Due to the symmetry of the crystallographic cell of. ap

laponite, in(a) the density profiles were calculated adding the top and theInterlayer rleg|on ar?d Clay‘_at a distance _between anq r
bottom surface profiles whereas (i) the calculation was done separately +dr of a fixed particle of interlayer particles of species
for the top(curves on topand bottom surfacegurves below, shifted down- The functionnaﬁ(r) is also known as the running coordina-

wards by 0.005 for better visualizatipof the clay layer. The positions of tion number and is plotted as insets in FigS 4and5
the rows containing surface and apical oxygen atoms in the clay layer are ' )

represented with open circles. The positions of rows containing oxygen Figure 4 shows the sodium-centered distribution func-
atoms in the clay OH groups are represented with dots. The positions dfioNS gnan(r) andgnao(r), with the respective coordination
rows of magnesium With Ii_thigm are marked with crosses. The number ohumbers in the inset. The first peaksg.o(r) andgnan(r)
vacancies on each row is indicated. occur at 2.4 and 3.0 A, respectively, and give a coordination
number of six water molecules wher<3.5A. This is very
similar to the situation found in bulk watét,and confirms
and for better visualization the magnitude of the hydrogerthat “correct” hydration of the counterions is a priority for
profiles were halved. Due to the offset of the upper and lowethe interlayer water.
surface oxygen atoms when viewed in fheplane, the pro- Turning now to the water itself, the large distance be-
files po(X) andpy(x) on the top and bottom surfaces of the tween our two opposing layers of laponite makes it is useful
clay layer were plotted separately in Fighg with those for  for us to resolve thg,g(r) into contributions from particles
the bottom layer shifted to register with the upper clay at-of speciesa lying within a certain distance of the clay sur-
oms. face. In Fig. 5 we chose four windows of rangg-2.13 A
The in-plane profiles show that hydrogen and oxygen<|z|<z,+2.13A. The dotted-dashed lines include particles
maxima coincide, confirming strong hydrogen bonding toclosest to the clay, witlz,=12.78 A. The long-dashed line
every other surface oxygen atom on the clay surface. Thevas computed foz,=8.52 A, the dashed line corresponds to
separation between these atoms is 2.64 A. The remaining,=4.26 A, and the dotted line tg,=0.0 A. In the insets of
hydrogen atoms are not registered to the clay surface. It i5ig. 5 the corresponding coordination numbers are plotted.
also interesting to note that the highest hydrogen peaks occior reference, the distribution functions for bulk water are
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FIG. 6. The total mean-square displacemért) and directional mean-
35 ; square displacements?), (y2), and(z?) for (a) the interlayer water an¢b)
the sodium counterions, in laponite, as a function of simulation timéa)in
3l the (r?) for bulk water is also shown.
25 1 tions lead us to conclude that the clay—water interface is
longer range than the oscillations in the density profiles of
= 27 Fig. 2.
]
(o]
© 15

C. Diffusion properties

The self-diffusion coefficient® , for the different spe-
cies can be computed from the mean-square displacement

05 ¢ ] L NN
(rA=(r(t)—rto))~ gz 2 2 () —r(to)|,
0 . . . . - tn=t to
1 2 3 4 5 6 7 8 (6)

r (Angstrom
(Ang ) wherer,(t) is the position of particlen at timet, N is the

FIG. 5. Pair distribution functions for interlayer species, resolved into dis-number of particles, anl; is the number of time steps. The

tance from the midplane of the clay sheets.(& distribution functions Einstein diffusion equation relat@&sto the dimensionalityjo

9ho(r) and in(b) goo(r) for interlayer water in laponite. Thegg,z(r) were . 2 . .
calculated by counting th@ atoms(interlayer and clay atomdying at a and to the gradient (ﬁr > with time

distancer from a fixed interlayere atom which is within a distance, 1 d<r2>
—2.13 A<|z| < zy+2.13 A from the central magnesiuxy-plane in the clay = — (7)
sheet. The different valueg, are 12.78 A(dotted-dashed line 8.52 A 2d, dt

(long-dashed ling 4.26 A (dashed ling and 0.0 A(dotted lind. The dis-
tribution functions for bulk watetsolid lines are also plotted for compari-
son. All corresponding coordination numberg,(r) are shown in the in-
sets.

The mean-square displacement for interlayer water and
sodium counterions was computed from the simulation data
and are plotted in Fig. 6. We present the total three-
o dimensionakr?), as well as the individual one-dimensional
also presented as the solid lines. These data show th@(2>’ (y?), and(z2). The self-diffusion coefficients were

nearest-neighbor hydrogen bonding is honored for all but the,mnyted from these plots and are listed in Table II. The
first molecular layers of water. This is consistent with the

picture derived from neutron diffraction studies of interlayer
water in smectite claﬁe_3 However, even among molecules TABLE lil. Self-diffusion coefficients of interlayer water molecules and
over 10 A from the nearest clay surface, longer range strucsodium counterions in laponite @t=277 K andp=10° Pa.

ture has still not recovered to the bulk. In particular, we

. . . Water Sodium
observe a shift to higher for the second nearest-neighbor —
O-0 correlations occurring at around 4.5 A. The imposition Dtotalxollgl (m’s ) 74 2.0
of planar geometry therefore produces a more open watergxziomgmzz,lg g'i ;3
structure, similar to that proposed for low-density water in Dix 10 (m2s 1) 49 0.48

the bulk at 268 K2 Note also that the running coordination
numbersn(r), for water outside the surface layer are below
the bulk values. This correlates the reduced local density to
the observed structural changes. For this reason, our simul&eference 24.

D yare=1.1x10"°m?s™1
Dpa=1.0x10"°m?s™*

Bulk water
Infinite dilution (297 K)2
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coefficient for the self-diffusion of water in bulk is also running coordination numbers(r). The imposition of pla-
given in this table, and was calculated from the separatear geometry therefore leads to a more open water structure,
simulation with 256 water molecules at the same temperatursimilar to that proposed for low-density water in the bulk at
and pressure. 268 K. For this reason our simulations lead us to conclude
The results in Fig. @ show that the diffusion of water that the clay—water interface is longer range than the oscil-
in our laponite is anisotropic, with greatest mobility parallel lations in the interlayer density profiles. The majority of the
to the clay sheets. In fact, in-plane diffusion approaches thagodium counterions are fully hydrated by six water mol-
of the bulk. By bearing in mind that the first two molecular ecules. These hydrated complexes lie in contact with the
layers of water are severely hampered by the clay sRéets,solid surface(as so-called outer-sphere complexedow-
we conclude that around the midplane of our system, wateever, we also observe the vestiges of a diffuse layer. Diffu-
molecules are at least as mobile as they are in the bullsion is anisotropic, and is more rapid in the plane of the clay
Unfortunately it is not possible for us to resolve diffusion sheets than normal to the clay sheets. The former approaches
into slices similar to those used for the radial distributionthe bulk value.
functions, because of the motion normal to the clay sheets.
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