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Abstract-Molecular dynamics computer simulations were used to study methanol molecules confined 
between the layers of 2: 1 phyllosilicates. The model systems are based on natural Ca- and Na-rich 
montmorillonites. Data from the literature and determined by fitting the calculated layer spacing to ex
perimental values were employed to obtain interactions between the charged 2: 1 layers and the solvent 
molecules. The montmorillonite surface atoms were held rigid and the methyl group in the methanol 
molecule was represented by a soft Lennard-Jones sphere. Electrostatic interactions were determined by 
the Ewald sum method, whereas the van der Waals interactions were described by a Lennard-Jones 
potential. Comparison of our results with diffraction data indicates a good reproduction of the layer 
spacing. After the initial solvent layer forms, additional solvent layers form only after previous layers are 
complete. Each Ca2+ and Na+ ion in the monolayer has four and two methanol molecules, respectively, 
in the first solvation shell, whereas the solvation shell in the multilayer contains six and four methanol 
molecules, respectively. This agrees well with experimental data. 
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INTRODUCTION 

Clay minerals and their interactions with a wide 
range of solvents or intercalate molecules have been 
investigated using several experimental techniques, 
such as X-ray diffraction (XRD) (Lanson, 1997), nu
clear magnetic resonance (NMR) (Grandjean and 
Laszlo, 1989), infrared (IR) (Sposito and Prost, 1982), 
ultraviolet (UV) (Villemure et at., 1986) and electron 
paramagnetic resonance (EPR) (Boyd and Mortland, 
1985) spectroscopies, and thermal and calorimetric 
analysis (Mackenzie and Mitchell, 1972). A satisfac
tory interpretation of all the collected data requires a 
complete description, on the atomic scale, of the in
teractions between the alumino silicate framework, the 
solvent molecules, and the exchangeable ions. Re
cently, computational techniques such as Monte Carlo 
(Delville, 1993; Skipper et al., 1995) and molecular 
dynamics (Keldsen et al., 1994; Chang et al., 1995) 
were helpful in the analysis of adsorption of H20 mol
ecules in the interlayer, providing a good description 
of their organization around the counterions and al
lowing the computation of diffusion coefficients. Until 
now, computational studies on the adsorption of or
ganic molecules have focused on the adsorption en
thalpy of aliphatic chains (Keldsen et al., 1994) or the 
configurational analysis of more complex structures 
(Sato et at., 1996), neglecting the disorder state of the 
interlayer species. 
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In this work, we used molecular dynamics calcula
tions to study the arrangement of methanol molecules 
at different concentrations in Ca- and Na-saturated 
montrnorillonites. We chose methanol for the follow
ing reasons: (1) the relative simplicity of the methanol 
structure allows us to use affordable computational fa
cilities; (2) methanol molecules are analogous to the 
H20 molecule whose behavior in clays has been stud
ied extensively; (3) the research may be extended to 
the study of molecular dynamics of ethylene glycol, a 
compound used for the experimental determination of 
the surface area of clays (Eltantawy and Arnold, 
1974). 

MATERIALS AND METHODS 

A montmorillonite from Camp Berteau was chosen as 
the model phyllosilicate for this study because of the 
availability of adsorption data (Annabi-Bergaya et ai., 
1979, 1980a,b, 1981). The unit-cell formula, inferred 
from chemical composition data (van Olphen and Fripiat, 
1979) and adjusted slightly for modeling requirements, 
is Mn+ 1.0In[Si7.87sA10125](Al2.87sFeo.2sMgo.87s)02o(OH)4, where 
Mn+ = Ca2+ or Na+. The selected simulation cell 
contains one 20.68 X 17.90 A2 slab of a 2:1 layer 
(eight unit-cells); periodic boundary conditions 
were applied along the three dimensions to repro
duce a stack of layers. The effective charges as
signed to the framework atoms (Table 1) were adopt
ed from Skipper et al. (1995). To replace an VIAl by 
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Table I. Atomic positions ilnd effective
o 
charges Q it;! the unit-cell of the collapsed structure of a montmorillonite 2: I layer 

(orthogonal cell; a = 5.17 A, b = 8.95 A, C = 6.60 A). 

Atom x(A) yeA) zeAl Q (evu) 

0 0.511 0.000 0.333 -0.8 
0 0.255 0.256 0.333 -0.8 
0 0.766 0.256 0.333 -0.8 
0 0.000 0.000 0.108 -1.7 
H 0.171 0.000 0.146 0.7 
Si 0.511 0.170 0.277 1.2 
Si 0.000 0.341 0.277 1.2 
0 0.511 0.170 0.108 -1.0 
0 0.000 0.341 0.108 -1.0 
Al 0.851 0.170 0.000 3.0 
Al 0.851 -0.170 0.000 3.0 
0 0.000 0.511 0.333 -0.8 
0 0.766 0.765 0.333 -0.8 
0 0.255 0.765 0.333 -0.8 
0 0.511 0.511 0.108 -1.7 
H 0.681 0.511 0.146 0.7 
Si 0.000 0.680 0.277 1.2 
Si 0.511 0.851 0.277 1.2 
0 0.000 0.680 0.108 -1.0 
0 0.511 0.851 0.108 -1.0 

Mg and a Si by IV AI, we reduced the charges on these 
sites from 3 electrostatic valency units (evu) to 2 evu 
and from 1.2 evu to 0.2 evu, respectively. Molecular 
dynamics simulations were performed using the 
DLPOL Y _2.0 molecular dynamics program (Smith 
and Forester, 1996). The surface atoms were held rig
id. A flexible substrate was recently found experimen
tally in phyllosilicates (Vahedi-Faridi and Guggen
heim, 1999), although earlier work on zeolites and 
framework structures did not suggest a need for a flex
ible substrate. Thus, although a rigid framework was 
used in this work, future studies will need to consider 
a flexible substrate in phyllosilicates. Based on the re
sults of Vahedi-Faridi and Guggenheim (1999), the 
formal charges as presented by Skipper et al. (1995) 
should be reconsidered. 

The methanol molecules and the cations neutraliz
ing the negative layer charge were left unconstrained. 
The methyl group of the methanol molecule was rep
resented by a soft Lennard-Jones sphere. Skipper et al. 
(1995) showed that, even for small simulation cells, 
the computed properties are representative of the 
macroscopic system and are not influenced by the ar
tificial long-range symmetry of the imposed periodic 
lattice. We apply a cut-off of 8.95 A for the short
range contributions to the potential energy, thereby 
treating the interactions within an all-image regime 
(Allen and Tildesley, 1987). 

The intermolecular potential function that accounts 
for the interactions in our model is: 

U(Tij ) = 2: 2: [qiqj + A/~ _ B;] (1) 
I »1 rij rij rij 

where the indices i and j refer to all the sites of each 

Atom x(A) yeA) zeAl Q (evu) 

Al 1.362 0.680 0.000 3.0 
Al 1.362 0.341 0.000 3.0 
0 0.170 1.020 -0.333 -0.8 
0 0.426 0.766 -0.333 -0.8 
0 -0.085 0.766 -0.333 -0.8 
0 0.681 1.020 -0.108 -1.7 
H 0.510 1.020 -0.146 0.7 
Si 0.171 0.851 -0.277 1.2 
Si 0.681 0.765 -0.277 1.2 
0 0.170 0.851 -0.108 -1.0 
0 0.681 0.680 -0.108 -1.0 
0 0.681 0.511 -0.333 -0.8 
0 -0.085 0.256 -0.333 -0.8 
0 0.426 0.256 -0.333 -0.8 
0 0.170 0.511 -0.108 -1.7 
H 0.000 0.511 -0.146 0.7 
Si 0.681 0.341 -0.277 1.2 
Si 0.171 0.170 -0.277 1.2 
0 0.681 0.341 -0.108 -1.0 
0 0.170 0.170 -0.108 -1.0 

molecule, qi is the effective charge on the i th site, Tij is 
the intermolecular separation, and Aij and Bij represent 
two variable parameters accounting for the interactions 
between the ith and jth sites. The following interactions 
were considered (Table 2): cation-cation, cation-mont
morillonite, cation-methanol, montmorillonite-mont
morillonite, montmorillonite-methanol and methanol
methanol. 

The HI model (Haughney et aI., 1987; Ferrario et 
aI., 1990) was used to describe the methanol-methanol 
interactions and treats the methanol molecule as a rigid 
structure whose interaction centers are located on the 
C atom, the 0 nucleus, and the OH proton. A charge 
of -0.728 evu is assigned to the 0 atom and balancing 
charges of 0.297 evu and 0.431 evu are assigned to 
the CH3 group and OH proton, respectively. Lennard
Jones terms account for the van der Waals interactions. 
The interactions between the interlayer species (meth
anol and Ca2+ or Na+ ions) and the framework atoms 
are represented by Coulomb forces and by Lennard
Jones potential functions. The parameters included in 
the functions were obtained from the Universal Force 
Field scheme (Rappe et aI., 1992), adequately modi
fied to represent both the pressure of 0.1 MPa and the 
experimental values of the interlayer spacing (Annabi
Bergaya et ai., 1979) at a methanol content of 2.5, 3.4, 
4.2 and 5.0 mmol per g of Ca-clay, and 0.85, 1.85 and 
2.01 mmol per g of Na-clay. The montmorillonite
montmorillonite interactions and those concerning the 
H atoms were modeled only by Coulomb forces and 
not using the Lennard-Jones terms. 

Long-range electrostatic interactions were calculat
ed by using the Ewald sum technique (Allen and Til
desley, 1987). We used a convergence parameter k = 
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Table 2. Parameters in the potential function. 

Sites 
Aij >s lO-~ 

(kcal An/mol) 
B, X.IO-3 

(kcal A'/mol) 

Methanol-methanol 
CH3-CH3 7.947 2.399 
CH3-O 2.183 1.246 
0-0 0.515 0.600 

Methanol-counterion 
CHrCa 0.814 0.717 
O-Ca 0.338 0.401 
CH3-Na 0.342 1.858 
O-Na 0.355 6.600 

Methanol-montmorillonite 
CH3-A1 6.451 2.436 
CHrSi 4.273 1.871 
CH3-Mg 0.293 0.355 
CH3-Fe 0.828 0.111 
CH3-O 0.4l3 0.542 
O-Al 2.919 1.425 
O-Si 1.907 1.087 
O-Mg 0.119 0.197 
O-Fe 0.330 0.061 
0-0 0.407 0.533 

Counterion-montmorillonite 
Ca-Al 4.991 0.172 
Ca-Si 3.247 0.080 
Ca-Mg 0.195 0.009 
Ca-Fe 0.547 0.111 
Ca-O 0.968 0.051 
Ca-Ca 0.666 0.074 
Na-Al 0.924 0.374 
Na-Si 0.593 0.211 
Na-Mg 0.131 0.084 
Na-Fe 0.085 0.045 
Na-O 0.656 0.098 
Na-Na 0.065 0.042 

0.36 A -], including all vectors k < 8 A -], 7 A -] and 
6 A -] (along three axis directions, respectively) in the 
reciprocal space sum and all rij < 8.95 A in the real 
space sum. 

Self-diffusion coefficients (D) for the motion of ei
ther methanol molecules or exchangeable ions within 

the interlayer were estimated using the two-dimen
sional Einstein relation 

1 d 
D :0 lim - -(r2 ) 

t->oo 4 dt 
(2) 

where (rZ) is the mean-square displacement (MSD) and 
t is time. 

All simulations were conducted at 300 K. To sim
ulate the transition between the monolayer and the 
multilayer structures, the number of methanol mole
cules in the interlayer was varied from 15 to 65 (2.5-
10.9 mmol/g) and from 5 to 35 (0.85-5.85 mmollg) 
for the Ca- and the Na-rich montmorillonite, respec
tively. All dynamics consisted of an initial run in the 
canonical ensemble NVI' (where the particle numbers 
N, the volume V, and the temperature T are fixed) of 
50,000 steps (using 1 X 10-]5 s per step) and an ex
pansion run in the ensemble NaT (where the particle 
numbers N, the normal stress (J" and the temperature T 
are fixed) of 2,000,000 steps, to obtain reliable values 
of the diffusion coefficients; the value of (J" was set at 
0.1 Mpa. The energy of the systems was always con
served. The interlayer spacing, the radial distribution 
functions, and the orientations of methanol molecules 
in the phyllosilicate were calculated from the data col
lected in the last 50,000 steps. The calculations were 
executed on an IBM RS 6000/3CT workstation. 

RESULTS AND DISCUSSION 

Ca-exchanged montmorillonite 

The calculated and experimental layer-spacing val
ues vs. methanol content are given in Table 3. The 
good fit of the calculated interlayer spacings to the 
experimental data is related to the parametrization of 
the force field. The structure of the adsorbed methanol 
molecules was obtained by evaluating the mean radial 
distribution functions [g(r)] between the solvent mol
ecules, the Ca2+ ions and the framework atoms, and 
by determining the instantaneous equilibrium config
urations of the methanol molecules. 

Table 3. Comparison between experimental and computed layer spacing for the Ca-clay and Na-clay system. The uncertainties 
were derived by applying a root-mean-square procedure to the deviations obtained at equilibrium. Experimental uncertainties 
are not available. 

Ca-c1ay Na-c1ay 

Methanol Layer §pacing Layer §pacing Methanol Layer §pacing Layer ~pacing 
content (A) (A) content (A) (A) 

(mmoVg) (experimental) (computed) (mmoJlg) (experimental) (computed) 

2.50 l3.30 l3.20:±: 0.09 0.00 9.70 9.71 :!: 0_08 
3.40 14.30 14.30 :!: 0.10 0.85 9.70 11.53 :!: 0.08 
4.20 15.20 15.30 :!: 0.12 1.85 12.70 12.75 :!: 0.10 
5.00 16.50 16.40 :!: 0.15 2.01 l3.00 l3.09 :!: 0.l3 
5.90 18.30 :!: 0.20 2.70 l3.96 :!: 0.14 
6.70 19.25 :!: 0.20 3.35 14.25 :!: 0.18 
7.50 20.20:!: 0.25 4.19 14.92 :!: 0.25 
8.00 21.40 :!: 0.33 5.02 16.06 :!: 0.30 

10_90 24.75 :±: 0.40 5.85 17.23 :!: 0.32 
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• Ca2+ 

MeOH 

Figure 1. Top (upper) and lateral (lower) 'snapshots' showing the distribution of methanol molecules in the interlayer of 
Ca-ricb montmorillonite with a solvent content of 3.4 (left) and 4.2 (right) mmoJJg. The Me symbol denotes the methyl group. 

The arrangement of the methanol molecules in the in
terlayer for a solvent content of 3.4 and 4.2 mmoVg is 
shown in Figure 1. The solvent molecules form a hydro
gen bond network and occupy a monolayer film around 
the Ca2+ ions, towards which the methanol oxygen atoms 
point. The layer coverage is complete where the meth
anol content reaches 4.2 mmoVg. Complete filling of the 
first layer is required before the second layer starts to 
form. This behavior does not agree with experimental 
data (pamar-Robert et aI., 1989) that provides evidence 
for interstratification phenomena; the disagreement may 
be related either to errors in the model or to residual H20 
present in the natural montmorillonite, which may affect 
the methanol arrangement in the layers. 

Figures 2 shows 'snapshots' illustrating the filling 
of the second layer and the initial stage of the third 

" "I' / 

layer. The transition between bi-layer and triple-layer 
is emphasized in Table 3, where regular increasing of 
the layer spacing changes abruptly at 5.0 mmoVg (shift 
from the first to the second layer) and at 7.5 mmoVg 
(shift from the second to the third layer). The transi
tion concentrations agree well with the data from Rob
ert-Pamar et al. (1989), where the presence of the 
monolayer, the bi-layer and the triple-layer are asso
ciated with methanol contents of 3.1-3.5, 6.3-7.0 and 
9.3-10.5 mmol/g, respectively. 

The upper part of Figure 3 shows the dependence 
of the g(r) functions between the methanol 0 atoms 
and the Ca+ ions on the methanol concentration. The 
first peak, due to the first solvation shell , shifts from 
2.2 to 2.5 A as the second layer fills. The shift is re
lated to increased cohesion of the solvent molecules 

" " 

,. ,. ,. ,. ,. 

//////// 

Figure 2. Lateral ' snapshots' showing the distribution of methanol molecules in the interlayer of Ca-rich montmorillonite 
with a solvent content of 5.9 (upper, left), 6.7 (upper, right), 8.4 (lower, left), and 10.9 (lower, right) mmoJJg. 
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Figure 3. (Upper) Ca-O radial distribution functions [g(r)) 
for solvent contents of 3.4, 4.2, 5.9 and 6.7 mmol/g. 0 de
notes the oxygen atom of the methanol. (Lower) H-O, Ca-O, 
and Me-O ger) functions for solvent contents of 3.4 and 
6.7 mmol/g. 0, Me and H represent the oxygen atoms of the 
framework, the methyl groups, and the hydrogen atoms of the 
methanol molecule, respectively. All of the ger) functions 
were evaluated by averaging the configurations related to the 
final 50,000 steps of the expansion run in the ensemble NaT. 

as the second layer fills and the consequent lowering 
of the strength of the calcium-methanol interaction. 

The Ca-O, Me-O and H-O g(r) functions (0, Me 
and H denote the oxygen atoms of the framework, the 
methyl groups, and the hydrogen atoms of the meth
anol molecule, respectively) are shown in the lower 
part of Figure 3 for two different methanol concentra
tions, 3.4 and 6.7 mmol/g, representative of the mono
and the bi-Iayer configurations. For simplicity, we do 
not report the g(r) functions between the 0 atoms of 
the methanol and the framework, as those are similar 
to the Me-O distribution functions. The bi-Iayer sys
tem exhibits a more ordered distribution of solvent 
molecules than the monolayer system: the patterns of 
the g(r) functions for the monolayer and bi-Iayer sys-

Table 4. Self-diffusion coefficients (D) of interlayer metha
nol molecules and metal counterions at T = 289 K. The un
certainties were derived by the analysis of the residuals ob
tained from the Einstein equation. 

Ca-rich montmorillonite 

Methanol content D(Ca2+) X 1012 D(CH,oH) X 10" 
(mmolig) (m'/s) "(m'ls) 

3.40 4.5 ::': 0.4 7.8 ::': 0.5 
4.20 1.9 ::': 0.3 5.1 ::': 0.4 
5.90 0.3 ::': 0.2 0.7::': 0.3 
6.70 0.2 ::': 0.3 0.6::': 0.2 

Na-rich montmorillonite 

Methanol 
content D(Na' ) X 10" D(CH,oH) X 10" 

(mmolig) (m'/s) (m'/s) 

2.01 2.1 ::': 0.3 8.2::': 0.3 
3.35 58 ::': 5 210 ::': 14 
4.19 260::': 12 650 ::': 21 

terns are typical of a crystalline solid and a viscous 
liquid, respectively. These distributions agree with the 
slow diffusion of Ca2+ ions and of methanol as deter
mined by computation (Table 4). The diffusion coef
ficients for the configurations represented in the lower 
part of Figure 3 differ by a factor of 10, indicating that 
the interlayer species in the bi-Iayer system are nearly 
rigid. The slow diffusion of methanol molecules is at
tributed to the formation of H bridges and strong van 
der Waals interactions between solvent molecules, 
Ca2+ ions and the framework, as indicated by the sharp 
peaks in the range from 2.0 to 3.0 A. 

Figure 4 shows the dependence of the solvation 
number of Na+ and Ca2 + on the solvent content. The 
solvation number of Ca2+ varies from 2 to 4 in the 
monolayer, and increases to 6 as the bi-layer fills. 
Annabi-Bergaya et al. (1981) reported a maximum 
coordination number of 4 for a methanol content of 
5.0 mmol/g and attributed it to the complete formation 

6.0 r--~-~--~-~-~-----, 

Ca 
t 

..0 
4.0 § 

$:l 

$:l 
0 
.~ 

2.0 _~a > 
"0 
'" 

0.0 
0.0 2.0 4.0 6.0 8.0 10.0 12.0 

methanol content (mmol/g) 

Figure 4. Relationship between the Ca2+ and Na+ solvation 
number, and the methanol content. 
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• Na+ 

MeOH 

Figu:e 5. Top (~ppe.r) and lateral (lower) 'snapshots' showing the distribution of methanol molecules in the interlayer of 
Na-nch montmonllomte for solvent contents of 2.01 (left) and 4.19 (right) mmol/g. The Me symbol denotes the methyl group. 

of a bi-layer. According to our results, a 5.0 mmol/g 
concentration occurs as the second layer starts filling 
and the computed coordination number is 4.35. 

Na-exehanged montmorillonite 

The calculated and experimental values of the in
terlayer spacing are reported in Table 3. Apart from 
the methanol concentration of 0.85 mmol/g, the agree
ment between the calculated and experimental data is 
good. Note that the experimental results report the 
same layer spacing at 0.00 and 0.85 mmol/g, and this, 
obviously, is not reproducible with the technique em
ployed. 

Figure 5 shows a typical equilibrium configuration of 
the systems at concentrations of 2.01 and 4.19 mmol/g, 
where the filling process is complete. The solvent mol
ecules are organized in a monolayer and form clusters 
around the Na+ ions. The linear arrangement of the 
metal ions, bridged by the methanol molecules, agrees 
well with reports concerning montmorillonites saturat
ed with monovalent cations (Annabi-Bergaya et aI., 
1981). The bi-layer formation starts between 4.19-
5.02 mmol/g. The Na+ solvation number vs. the meth
anol content relationship is reported in Figure 4; the 
maximum solvation number for a monolayer is 2 and 
this value increases to 4 during the formation of the 
bi-layer system. These findings are consistent with 
the experimental data of Annabi-Bergaya et at. 
(1981), who found that the maximum methanol con
tent in a monolayer Na-rich montmorillonite is 
2.00-2.10 mmol/g, corresponding to a coordination 
number of 1. 

The upper part of Figure 6 shows the g(r) functions 
for Na-O interactions in the Na-rich systems with 
methanol contents of 2.01,4.19 and 5.02 mmol/g. The 
curves show one peak at 2.2 A, due to the first sol
vation shell. The peak does not shift to larger distances 

as the second layer fills, thus differing from the be
havior of Ca-rich montmorillonite. 

The Na-O, Me-O and H-O g(r) functions for the Na
rich systems are shown in the lower part of Figure 6 
for methanol contents of 2.01 and 4.19 mmol/g. The 
arrangement of methanol molecules does not change 
significantly when bi-layer formation starts while the 
solvation and the mobility of the Na+ ions increase. 
This increase is indicated by the peaks of the Na-O 
g(r) function which broaden as the layer fills. The self
diffusion coefficients reported in Table 4 also confirm 
this trend: the values relative to these concentrations 
differ by a factor 102 • 

Adsorption energies 

Experimental studies (Annabi-Bergaya et at., 1979, 
1980a; Robert-Pamar et at., 1989) showed that the 
methanol insertion capacity agrees with one inserted 
layer for Na-rich montmorillonite and two inserted 
layers for Ca-rich montmorillonite. The use of molec
ular dynamics calculations to compute adsorption iso
therms requires simulations performed at fixed chem
ical potential and variable particle numbers. This is 
very demanding for molecular dynamics techniques 
and we performed all computations in the NVT and 
NuT ensembles. We analyzed the internal energies (U) 
of the various systems at the end of the simulations. 
The variation in the internal energy of the interlayer 
methanol, t:,.U(c), vs. the methanol content is reported 
in Figure 7, in which 

t:,.U(e) = U(e) - U(O) 
N 

(3) 

where e is the methanol content and N is the number 
of methanol molecules in the interlayer. 

For either Na-rich montmorillonite or Ca-rich mont
morillonite systems, the adsorption of methanol mol-
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5,02 mmol/g 
1--' 

g(r) 
f-i 

4.19 mmol/g 

2.01 mmol/g 

1.0 3.0 5.0 7.0 
rCA) 

4.19mmol/g 

Me-O 2.01 mmol/g 

g(r) 
4.19 mmol/g 

2.01 mmol/g 

4.19mmol/g 

H-O 2.01 mmol/g 

1.0 3.0 5.0 7.0 9.0 
rCA) 

Figure 6. (Upper) Na-O radial distribution functions [g(r)] 
for solvent contents of 2.01, 4.19 and 5.02 mmol/g. ° de
notes the oxygen atom of the methanol. (Lower) H-O, Na° and Me-O g(r) functions for solvent contents of 2.01 and 
4.19 mmol/g. 0, Me and H represent the oxygen atoms of 
the framework, the methyl groups and the hydrogen atoms of 
the methanol molecule, respectively. All of the g(r) functions 
were evaluated by averaging on the configurations related to 
the final 50,000 steps of the expansion run in the ensemble 
NaT. 

ecules involves an energetic minimum to a methanol 
content of 4.2 mmol/g, when the filling process of the 
first layer is complete. 

CONCLUSIONS 

Molecular dynamics simulations were performed on 
Camp Berteau montmorillonite saturated with Ca2+ 
and Na+ ions, over a wide range of methanol concen
tration. The force-field parameters were in part drawn 
from the literature (Ferrario et aI., 1990; Rappe et aI., 
1992) and in part fitted to experimental data. The anal
ysis indicated that methanol molecules in a monolayer 
form clusters with each Ca2+ and Na+ ion linked to 4 
or 2 methanol molecules, respectively. After the com
plete filling of the first layer, the formation of a second 
layer and a third layer begins and the coordination 

200.0 
Q 
0 

~ Ca 

u 100.0 
~ 
'-' 
>. 
OJ) .... 
(1) 
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Figure 7. Relationship between the internal energy of inter
layer methanol and the solvent content for Ca-rich montmo
rillonite and Na-rich montmorillonite systems. 

sphere of the metal ions increases to 6 methanol mol
ecules for Ca-rich montmorillonite, and 4 methanol 
molecules for Na-rich montmorillonite. These data are 
consistent with experiment. The analysis of the radial 
distribution functions and the computation of the self
diffusion coefficients indicates that diffusion of meth
anol in montmorillonites is slower than that of H20 
(Chang et aI., 1995). Future investigations will involve 
introducing H20 molecules into the systems, and using 
a model with larger dimensions and an unconstrained 
framework. The molecular dynamics models can be 
further refined with more accurate calorimetric mea
sures of the adsorption enthalpy, more reliable diffu
sion coefficients values, and more precise diffraction 
and spectroscopic experimental data. 
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