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Abstract-The interaction between "unhydrated" cations (those not separated from the surface by a 
solvent sheath) in hole positions and the montmorillonite surface was analyzed theoretically by 
considering the main contributions to potential energy from the coulombic, hydration, van der Waals, 
induced dipole, and repulsive energies. The effects on these energy terms of the distance between the 
cation and the plane of basal oxygens, h, and of the angle of rotation of the silica tetrahedra, 0, were 
investigated. Increase of 0 with h constant increases the absolute values of all but one of the energy 
terms. The hydration energy is an exception because it is probably independent of 0. For a small 
cation, the increase in attraction is greater than the increase in repulsion when the value of 0 is 
sufficiently small. As 0 increases, the repulsive energy becomes more and more dominant until a 
minimum potential energy is reached. For large cations, this minimum can occur only above a certain 
value of h. Thus, the values of the potential energy minimum and of 0 at this minimum depend on the 
cation under study as well as on h. Since the concentration of unhydrated cations in a montmorillonite- 
water system increases with decreasing water content, it is concluded that 0 increases during the 
drying of homogeneous montmorillonite-water suspensions. This provides a partial explanation for 
the changes in b-dimension with water content observed by other investigators. 

INTRODUCTION 

A PRECISE description of the state of ions and water 
molecules in the immediate vicinity of the solid 
surface of clay-water systems should include the 
crystallographic characteristics of the clay particles 
as well as the chemical and physiochemical proper- 
ties of the water molecules and the ions. Mont- 
morillonite particles are usually considered to be 
crystallographically stable, at neutral values ofpH,  
except for the crystal edges. In past studies, most 
of the physicochemical interest in this system was 
focused around the ionic distribution near the clay 
surface and only little thought was given to the 
possible effect of the ions on the montmorillonite 
structure itself. 

The ability of surface oxygen networks to change 
configuration with variations in the change- 
balancing cations and with hydration has been 
demonstrated for several layer silicates (Burns and 
White, 1963; Leonard and Weed, 1967, 1970; 
Eirish and Tret 'yakova, 1970). Most of these 
studies were limited to relatively dry clays. Low 
et al. (1970) and Ravina and Low (1972) reported 

that the b-dimension of montmorillonite depends 
on the moisture content of the system, up to 
relatively high water contents. They explain this 
effect by the existence of epitaxy between the 
montmorillonite crystal and the adsorbed water 
and by mutual adjustment between the two with 
each increment of water. 

In the present study we show that unhydrated 
charge-balancing cations can affect the b-dimen- 
sion of montmorillonite and that their influence is 
effective up to water contents of about 3 g H20/g 
clay. 

T H E O R E T I C A L  CONSIDERATIONS 

Consider a monionic montmorillonite suspension 
at equilibrium with an electrolyte solution in which 
the edges of the platelets have a much smaller 
effect than the smooth planar surfaces. When the 
first few ~mgstroms of the electric double layer are 
studied, it is important to distinguish schematically 
between two types of cations (Graham, 1947; van 
Olphen, 1954; Bolt, 1955; Shainberg and Kemper, 
1966): (a) those which are not separated from the 
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surface by a solvent sheath (the "unhydrated" 
cation, u) and (b) those which are separated by a 
solvent sheath one molecule thick (the "hydrated" 
cation, h). In calculating the relative amount of 
cation in each state, u and h, one can use the 
Boltzmann Distribution Law if the potential energy 
of the cation in each state can be estimated (Shain- 
berg and Kemper, 1966). The main terms in the 
expression for the total potential energy, E, are 
(Bolt, 1955; Bolt et al., 1967; Shainberg and 
Kemper, 1966; Lahav and Bresler, 1969) the 
Coulombic energy (Eeoutomb), the hydration energy 
(Ehyaration), and the repulsive energy (Ere,ul~ion). 
Lesser terms are the induced dipole energy 
(E~-m,o~e) and the van der Waals attraction energy 
(Ev.waa~s) between the cation and the surface 
oxygens. The difference in potential energy be- 
tween the states u and h can be expressed as: 

AE = E~ -- Eu = AEcoulom b q- AEhydratio n "q- AEi.dipole 

q- AEv.waals q- AErepulsion -]- AEx (1) 

where Eh and E, are the total potential energy of 
the ions in the hydrated and unhydrated states, 
respectively, and AEx is the difference in potential 
energy due to minor interactions. This latter term 
is assumed to be zero (Shainberg and Kemper, 
1966). Equation (1) can be used to calculate the 
concentration of the cations in the first two layers 
(Shainberg and Kemper, 1966) according to: 

Cu = Ch exp (AE/RT)  (2) 

where Ch is the concentration of the cations in the 
first hydrated layer and C, is the concentration of 
the unhydrated cations. 

Let us now compare the electrostatic energy of 
the system under study to that of an ionic crystal 
(see for instance Feynman et al., 1964). In cal- 
culating the electrostatic energy per ion in a crystal 
such as NaC1, a particular ion is considered and 
its potential energy with all the rest of the ions 
in the crystal is computed. Owing to the regularity 
of the crystal lattice structure, all the ions away 
from the edges or regions of imperfections have 
the same electrostatic potential energy. The 
calculations are similar for montmorillonite- 
water systems where the cation under considera- 
tion is located either at a hydrated or at an un- 
hydrated site. As noted previously (gahav and 
Bresler, 1969) the perfect ionic crystal differs from 
our system in two ways: 
(a) The distances between the ions in the diffuse 

layer and the exact location of the cations near 

the oxygen surface in our system are not known 
exactly and cannot be measured directly; 

(b)The dielectric 'constant '  varies throughout 
our system in such a way that it is difficult to 
estimate its values for the calculation of 
electrostatic interactions. 

WATER CONTENT AND CATIONIC DISTRIBUTION 

NEAR THE CLAY SURFACE 

From the foregoing discussion it is apparent that 
every ion in the crystal is affected by the neighbor- 
ing ions in both the solid and the liquid phases. 
Thus, any change in the ionic distribution near the 
clay surface creates a change in the interaction 
energy between the ions and thereby affects the 
lattice energy of the crystal. Since the tetrahedra 
of montmorillonite are relatively free to rotate 
(Radoslovich and Norrish, 1962), it is expected 
that this rotation will also respond to changes in the 
electric double layer near the clay surface. 

In a completely dry montmorillonite all the 
exchangeable cations are close to the surface. In 
an air dried clay, the cations become hydrated, and 
the extent of this hydration depends on the relative 
humidity of the air. In general, as the water content 
increases, the cationic concentration in the first 
layers near the oxygen surface decreases. 

In a drying process where the distance between 
the clay layers is equal throughout the system and 
where no precipitation takes place, the concentra- 
tion of the ions in the liquid phase increases. If one 
assumes for the moment that this increase in 
concentration has a small effect on the energy 
terms in equation (1), i.e. on AE, it follows from 
equation (2) that as the suspension dehydrates the 
concentration of unhydrated cations increases. At 
the same time, the effective charge density de- 
creases. 

The fraction of the total charge density (Ft) 
which is compensated by the unhydrated cations 
(Fu) as a function of the half distance (d) between 
two parallel montmorillonite platelets is given in 
Fig. la  for three values of AE. In the calculations 
used to obtain Fig. 1, the structural configuration 
of the crystal was assumed to be constant and the 
values of AE, representing Li + Na + and K +, were 
calculated according to Shainberg and Kemper 
(1966). It is evident that the value of F,/Ft at 
relatively low water contents is affected and that 
the characteristic curves are similar for the three 
values of AE. Similarly, the magnitude of Ft has a 
small effect on the general pattern of the relation 
between Fu/Ft and d, although it affects the 
magnitude of Fu/Ft (Fig. lb). 
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Fig. 1. r,Jl't as a function of d, half the distance between 
neighboring parallel plates. (a) Three values of AE corres- 
ponding to K +, Na + and Li + (Shainberg and Kemper, 
1966). (1) AE=+3.4•  -14 erg/ion (K+); ( 2 ) A E =  
+0.4 • 10 -14 erg/ion (Na+); (3) hE = --5.5 • 10 .24 erg/ion 
(Li+): (b) Three values of l't. AE = 0'4 • 10 -14 erg/ion. 
(1) Ft~ 3.89• 104 esu/cm2; (2) Ft= 2.89• 104 esu/cm2; 

(3) rt = 1.89 x 104 esu/cm 2. 

The effect of the electrolyte concentration at 
equilibrium is relatively small and is therefore not 
shown here. 

E F F E C T  O F  U N H Y D R A T E D  C A T I O N S  O N  

T E T R A H E D R A L  R O T A T I O N  

Until now we have described the distribution of 
the compensating cations near the montmorillonite 
surface without referring to the exact location of 
the cation near the solid phase. The exact position 
of the unhydrated cation in relation to the surface 
oxygens is of great importance and depends on all 
the energy terms of equation (1) (Lahav and 
Bresler, 1969). 

Let us now examine what would be the effect of 
unhydrated cations at specific positions on the 
montmorillonite crystal lattice. For this calculation 
we assume that the negative charges are equally 
distributed throughout the lattice so that one unit 
cell cannot have more than one negative charge and 
that the compensating cations, which respond to 
changes in water content and become unhydrated 
as the clay-water system dehydrates (see Fig. 1), 
are located next to the ditrigonal cavity (Fig. 2); 
i.e. they occupy a hole position (see also van 
Olphen, 1954). In addition, each of the energy 
terms in equation (1) is assumed to depend only on 
the distance between the interacting ions. Further- 
more, we assume that the only change in the crystal 
lattice which can be induced by a change of the 
cationic distribution near the surface oxygens is 
rotation of the silica tetrahedra. The angle of rota- 

e 

v 
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OXIGEN 

�9 b j 

Fig. 2. Ditrigonal geometry of montmorillonite surface 
with the cation (+) in a central hole position. 

tion, 0 (see Fig. 2), can be calculated by means of 
the following equation (Radoslovich and Norrish, 
1962): 

COS 0 : bobs/btetr a (3) 

where bobs is the observed b-dimension of the unit 
cell of montmorillonite, and btetra is given as: 

btet~a = 6X = (9.60+0"lSp)sin 7. (4) 

Here ~- is the Oaoex-Si-Obasa[ angle and p is the 
number of A1 atoms at four tetrahedral sites. 

As 0 increases, the distance between an un- 
hydrated cation in a hole position and each of one 
set of three oxygens decreases by v whereas the 
distance between the cation and the other three 
oxygens increases by v (Fig. 2). For a given 
distance, h, between the cation under study and 
the basal oxygen plane, the potential hydration 
energy is presumably independent of tetrahedral 
rotation. However, the other energy terms of 
equation (1) are affected by such tetrahedral rota- 
tion. 

In order to calculate the relationship between 
0 and AE, the energy terms in equation (t) must be 
known or estimated. 

The van der Waals' energy is given (Barrer, 
1966) by: 

Ev,waals = k as (5) 

where a is the polarizability, r is the distance 
between the centers of the interacting atoms, and 
k is approximately 1.8 • 10 -1~ erg. 
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The repulsion energy can be written (Pauling, 
1954) as: 

Erepulsion = B / r  n (6) 

where B and n are constants. In order to evaluate 
B, the value of r should be known. Since r is not 
known and cannot be measured directly, a first 
approximation of B is made by using the calculation 
of hydration energy of the cation under study with 
the assumption that the surface oxygens are 
similar to the H20 oxygens. The cat ion-H20 
interaction may be represented (Sposito and 
Babcock, 1967) as follows: 

B (ze)2a Zelx  (7) 
ghydration --  rl 2 202r  4 D r  2 

where e is the charge of an electron, t z is the dipole 
moment of the water molecule, and a is the 
polarizability of the water molecule. 

The three terms in equation (7) represent repul- 
sive, ion induced dipole and ion-dipole interactions, 
respectively. By applying the condition 

( 0 Ehydr--ati~ = 0  (8) 
Or /r=ro 

B is found as 

B =  (ze)2a roB+ zelx ro 1~ 
6D 2 �9 ~ - "  (9) 

where ro is the r making Ehyd~atio~ minimum (i.e. 
the sum of the radii of the water molecule and 
cation). 

The induced dipole energy between the un- 
hydrated cation and the surface oxygens is cal- 
culated by an equation identical to the second term 
in equation (7) with a now the polarizability of 
oxygen. 

We are now in a position to calculate the 
relationship between the energy terms of equation 
(I) and 0, the angle of rotation of the silica tetra- 
hedra. It is noted that we are interested in the 
change 8 in each of the energy terms with a change 
in 0. Therefore, for each value of 0 the relevant 6 is 
the difference between the potential energy at 0 
and that at 0 = 0 ~ Each of the relevant energy 
terms was calculated for the interaction between 
the cation in a hole position at a specified value of 
h (the distance between the cation and the plane of 
the centers of the surface oxygens) and the six 
neighboring oxygens; three of these oxygens are 
close and three are far from the cation (Fig. 2). 
It can be shown that the effect of other ions in the 
lattice on the values of 8 (in addition to the above 

six ditrigonal oxygens) is negligible for ~v.Waals' 
6i-dipole and 6r~pu]s~on. AS a first approximation, the 
same assumption can be applied also to 6coulomb. 
Note also that the tetrahedral rotation effect on 
AEhydration and AEx (equation 1) is neglected. 

The calculated values of 6coulomb, (6i-dioole+ 
6v.Waals), 6~evulsion, and their sum 6t as a function of 0 
are given in Fig. 3 for Na + and for a constant value 
of h. The values of 6v.Waa~ and 6~-d~pole are small 
compared to other energy terms and therefore are 
not shown separately. 

2 0 o  
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t 0 0  

~. x,\ ( ~i- DIPOLE* gv.WAALS) 
,.- \ 

oa -100 \ 

\ 

(~COULOMB \\  
\ 
\ 

- 2 0 0  I \1 
0 t0 2O 

ANGLE OF ROTATION, e (DEGREES) 

Fig. 3. 8co,lomb, 8repulsion, (8i-dipole-~Sv.Waals) and 8 t as a 
function of 0 for Na + (r= 0.95A t in a central hole 

position, h = 1.25 A. 

It is clearly seen (Fig. 3) that an increase in 0 
causes an increase in the absolute value of all 
energy terms. At relatively low values of 0, the 6 
terms of the attraction energy dominate. At high 
values of 0 where the distance between the cation 
and the three close oxygens becomes very small, 
the term 6repu]s,o, dominate. As a result, a minimum 
is obtained at 8t corresponding to 0 -~ 15 ~ 

For a constant value of h, the angle of rotation 
at which 6t becomes minimum depends on the 
radius of the cation (Fig. 4). 

The relation between 6t and 0 for a given cation 
and for several values ofh is given in Fig. 5. 

Figures 4 and 5 show that a decrease in 8t with 
0 is possible so long as the cation is not too close to 
the oxygens. Thus, with Li + and Na + such an 
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effect is possible even at h = 0. However, in the 
case of large cations such as K +, a decrease in 8t 
with 0 is possible only ifh >> 0. 

EFFECT OF WATER CONTENT ON 
TETRAHEDRAL ROTATION 

In additipn to mineralogical composition 
(Radoslovich and Norrish, 1963), the exchangeable 
cations and their associated water of hydration 
can affect the configuration of the surface oxygens. 
This behavior was shown by X-ray measurements 
at relatively low water contents (Eirish and 
Tret 'yakova, 1971; Leonard and Weed, 1967). 
The effect on tetrahedral rotation of water contents 
higher than the first few molecular layers can be 
explained by the corresponding change in the 
proportion of unhydrated cations (Fig. 1). An 
increase of the concentration of unhydrated cations 
increases the force exerted by these cations on the 
surface oxygens and thereby increases the tenden- 

*Note that hydration energy is assumed to be in- 
dependent of 0. 

cy of the tetrahedra to rotate. For small cations 
such as Li + and Na + in a central hole position this 
tendency for tetrahedral rotation seems to exist 
even at very small values ofh. 

For large cations (K +) and small values of h the 
cation practically touches its neighboring oxygens; 
therefore, the repulsive energy is very large. In the 
latter case one must consider the possibility that 
an increase in the concentration of unhydrated 
large cations by drying could bring about a 
d e c r e a s e  in 0. 

A decrease in 0 means an increase in the b- 
dimension of a unit cell. Low et  al. (1970) and 
Ravina and Low (1972) showed that the b-dimen- 
sion in six different montmorillonites increased 
progressively with water content from 0 to 10-15 
gm H20/g clay. The mechanism proposed in 
the present study can explain changes in the b- 
dimension as a function of water content up to 
about 2-3 gm H~O/g clay. Therefore, several 
mechanisms are probably responsible for the 
changes in b-dimension. It should be noted that in 
five out of the six montmorillonites used by Ravina 
and Low (1972) the b-dimension versus water 
content shows a shoulder in the range of 3-5 g 
H20]g clay. This shoulder may indicate that 
there are two or more mechanisms affecting the 
b-dimension, each of which is dominant within a 
different range of water content. 

One must also note that Fig. 1 is a simplified 
description of the montmorillonite-water system 
because it is based on the assumption of constant 
structural configuration. Tetrahedral rotation 
increases the absolute values of all energy terms in 
equation (1)* for unhydrated as well as hydrated 
cations. However, the effect on hydrated cations in 
the second cationic layer can be neglected. Thus, 
both the b-dimension and the concentration of the 
unhydrated cations change with water content, 
and AE in equation (2) is not constant. However, 
this lack of constancy does not change the picture 
described above. Moreover, it seems that tetra- 
hedral rotation tends to increase disproportionately 
the concentration of unhydrated cations as water 
content decreases. 

EVALUATION 

A combination of h and 0 at equilibrium is 
obtained for each set of conditions, but the exact 
values of these parameters cannot be evaluated 
without knowing the dielectric constant. It is noted 
that the distance between a cation and each of the 
three oxygens closest to it cannot be smaller than 
the sum of their radii. Thus, the calculated values 
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of-Erepuisio n and 8repulsion must show a very steep 
increase as the oxygens come very close to the 
cation in the hole position. The procedure for the 
calculation of B by equations (7-9) probably under- 
estimates this parameter. In order to compensate 
for this error, two values of dielectric constants 
were used: (a) D = 2-0 for the calculation of B, 
equation (9); and (b) D = 5 for the calculation of 
all other energy terms. A change in B does not 
affect the shape of the curves in Figs. 3-5 but 
causes a slight shift in the minimum of St. Similarly, 
the use of different dielectric constants in the 
reasonable range near 5 (Shainberg and Kemper, 
1966) gives curves that have similar characteristics, 
even though the absolute values of the energy 
terms and the location of the minimum value of 
8t change. 

Differences between cations due to  differences 
in their equilibrium positions near the surface 
oxygens cannot be calculated without taking into 
account the hydration energy. When all the energy 
terms except E h y d r a t i o  n a r e  considered, the smaller 
the cation, the shorter is its distance, h, from the 
basal oxygens plane. However, the hydration 
energy affects the cation in an opposite direction, 
i.e. the smaller the cation, the greater is its hydra- 
tion energy and the lower is its tendency to 
penetrate into the ditrigonal hole. Measurements 
of dehydrated clays may give data which are 
easier to interpret, provided that the elevated 
temperature used in the dehydration process do 
not have an unknown effect on the clay structure. 
Leonard and Weed (1967) found for vermiculite 
that dehydration at 350 ~ caused an increase in the 
b-dimension of Cs-clay and a decrease in the 
b-dimension of Li-clay, while the b-dimension of 
K-vermiculite remained unchanged. E i r i sh  and 
Tert 'yakova (1970) observed an increase in the 
b-dimension of homoionic montmorillonite samples 
saturated with several different cations and heated 
to 250~ More experimental data are needed to 
have a better unders tanding of the role of the 
cation size on the b-dimension. 

Our theoretical discussion leads to the following 
conclusions: 
1. In a dehydrated clay, the penetration of cations 

into the ditrigonal hole is expected to be in- 
versely related to their radii provided that the 
dehydration process does not bring about un- 
known changes in the structure of the crystal. 
The influence of these cations on the b-dimen- 
sion should correspond to such penetration. 

2. Changes in 0 (or b-dimension) during the drying 
out of homogeneous homoionic clay suspensions 
(when the main mechanism of this change is the 
one suggested in the present paper) are expected 

ESHEL BRESLER 

to start at similar values of water content and 
the influence of exchangeable cations and 
effective charge density is expected to be small. 
This conclusion follows from Fig. 1. 

It is also interesting to note that when the 
distances between the unit layers are not the same 
throughout the system, i.e. when there is a forma- 
tion of aggregates or tactoids, one expects 0 to have 
different values at different locations. Thus, the 
values of 0 are expected to be different in the 
internal and external surfaces of tactoids, provided 
that the silica tetrahedra do rotate and respond to 
the cation distribution close to the surfaces. 

The above consideration suggests that the effect 
of compensating unhydrated cations on the con- 
figuration of the oxygen network can be explained 
in part by the main interactions involved. This 
conclusion does not exclude other mechanisms and 
additional effects of water molecules on the clay 
structure (Ravina and Low, 1972). More theoret- 
ical and experimental work is needed in order to 
evaluate the importance of these concepts in 
processes such as aggregate formation of mont- 
morillonite and other clay minerals. 
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R 6 s u m 6 - L ' i n t e r a c t i o n  entre les cat ions "deshydra t6s"  situ6s dans  les cavit6s (il s 'agit  des cat ions qui 
ne  sont  pas s6par6s de la surface par une couche  de solvant) et la surface de la montmori l loni te  a 6t6 
analys6e d 'une  fa~on th6orique en consid6rant  les contr ibut ions principales ~t l '6nergie potentielle, 
p rovenant  des 6nergies coulombienne,  d 'hydratat ion,  de Van  der Waals,  de dipole induit et de r6pul- 
sion. On a ~tudi~ comment ces te rmes  6nerg6tiques ~taient affect~s d 'une  part  par  la dis tance h entre  
le cat ion et le plan des atomes d 'oxyg~ne de base,  et d 'autre  part par I'angle de rotat ion 0 des t6trabdres 
de silice. L ' augmenta t ion  de 0 h h cons tan t  f a r  augmenter  les valeurs absolues  de t o u s l e s  t e rmes  
6nerg6tiques sauf  un. L'6nergie d 'hydra ta t ion  consti tue l 'except ion car elle est probablement  ind6pen- 
dante  de 0. Pour  un petit cation, l ' augmenta t ion  de l 'a t tract ion est  plus grande que l ' augmenta t ion  de 
la r6pulsion quand  la valeur de 0 est assez  petite. Lorsque  0 augmente ,  l '6nergie de r6pulsion devient  
de plus en  plus importante  j u s q u ' a  ce qu 'une  6nergie, potentielle min imum soit atteinte. Pour  [es gros 
cations, ce m i n i mum ne peut  8tre atteint  qu ' au -dessus  d 'une  certaine valeur de h. Ainsi ,  les valeurs  du 
min imum d'6nergie potentielle et de 0 ~ ce min imum d6pendent  du cation 6tudi6 aussi  bien que de h. 
Puisque la concentra t ion des cat ions deshydrat6s  dans un syst~me montmor i l lon i te -eau  augmente  
quand  la teneur  en eau diminue, on conclut  que 0 augmente  lors du s6chage de suspens ions  aqueuses  
homog~nes  de montmorillonite.  Cet te  variation de 0 fournit  une explication partielle des changements  
de la d imens ion  b avec la teneur  en  eau observ6s par d 'aut res  auteurs.  

K u r z r e f e r a t - D i e  Wechselwirkung zwischen  "nichthydrat is ier ten"  Kat ionen  (solchen, die von den 
Oberfliichen nicht durch einen L6sungsf i lm getrennt  sind) in Li ickenposi t ionen und der Mont-  
morillonit-Oberfl~iche werden unter  Beriicksichtigung der wichtigsten Bestimmungsgri3Ben der 
potentiellen Energie (Coulomb-,  Hydrat ions- ,  van  der Waals- ,  induzierte Dipol- und  AbstoBungs-  
energie) theoret isch analysiert.  Die Beeinflussung dieser Energiebetr~ige du tch  den Abs tand  zwischen  
den Kat ionen und der Ebene der basalen  Sauerstofl ionen (h), sowie durch den Rotat ionswinkel  der 
Si-Tetraeder  (0) werden untersucht .  

Durch  Z u n a h m e  yon 0 bei kons t an t em h werden mit  einer A u s n a h m e  die Werte  aller Energie- 
gr6Ben erh6ht.  Die Hydrat ionsenergie  stellt eine A u s n a h m e  dar, weil sie wahrscheinl ich  unabhiingig 
von 0 ist. Ftir  ein kleines Kation ist die Z u n a h m e  der Anz iehung  gr68er als die Z u n a h m e  der  Ab-  
stoBung, wenn  der Wert  von 0 hinreichend klein ist. Mit  Anst ieg  von 0 iiberwiegt die Abs togungs -  
energie mehr  und  mehr,  bis ein M i n i mum der potentiellen Energie erreicht ist. Fiir groBe Kat ionen  
kann  dieses Min imum nur  oberhalb bes t immter  Werte  von  h auftreten. Die Gr/Sge des Min imums  der 
potentiellen Energie und von 0 bei d iesem Min imum h~ingen folglich sowohl  von  dem bet rachte ten  
Kation als auch von h ab. Da  die Konzent ra t ion  des nichthydrat is ier ten Kat ions  in e inem Mont-  
mor i l lon i t -Wasser -Sys tem mit a b n e h m e n d e m  Wassergehal t  zunimmt,  wird die Schlul3folgerung 
gezogen,  dag 0 w~ihrend des T rocknens  einer homogenen  Montmos i l lon i t -Wasse r -Suspens ion  
ansteigt.  Diese Veri inderung liefert eine teilweise Erkl~irung fiir den Wechse l  der b -Dimens ion  mit 
dem Wassergehal t ,  der  von anderen Au to ren  beobachtet  wurde. 

P r  TeopeTHqeCKH aHaJI~I3HpoBa.rlH B3aHMoJIei~CTBHe HerI4~IpaTHpOBaHHI, IX KaTHOHOB (He 
OT]Ie.rIeHHbIX cO.rlbBaTHOi;i O6OYIOqKO~ OT IloBepxHOCTH) Ha rpaH~x rI Ha HoBepxHocTH MOHTMOp/,IYI- 
3"IOHHTa, yqFITbIBa~I FJIaBHble BKYIa~IbI B IIOTeHIIHaJIbHyIO 3HeprI, IIO, BHOeHMbIe 3HepFH~IMI, I KyJIOHOB- 
CKOrO B3aI'IMO~e.~CTBFI,q, rI, I~p&THpOBaHFI~I, BaH-~ep-Baanbca, FIH~yI~I2IpOBaHHO~ ~I'IIIOJIbHOl~ H 
OTTaJIKHBaHH,q. PacCMaTpI,IBa3Irl BYIFLCIHHe Ha 3TH 3HepreTHqecKHe ~IYleHbI paCCTO~IHH~ Mear 
KaTHOHaMH FI II3IOCKOCTbIO OGHOBHbIX KHC.rIOpO~OB, h, H yr.rIOM ilepeMeLtleBFi~i TeTpag)lpa KpeMHe- 
3eMa, O. YBe.rlHqeHl,le 0 KOHCTaHTOI~ h yBe.rlHtlHBaeT a6coynoTHbie 3HatteHI,l~l BCeX qYleHOB, BJ~Jpaxa- 
IOILIHX 3HeprHIO, 3a FICKJIIOtleHHeM O~HOrO. ~HeprH~I FI, I~paTHpOBaltH~I flB.rI..qeTC~I HCKJItOqeHI4eM, 
TaK KaK OHa, otleBFIjIHO, He 3aBHCHT OT 0. Ec.rIH BeyIH~raHa 0 ~OCTaTOtlHO MaJIa,q, TO ~/IYI~I He6OJIbl]Joro 
KaTHOHa cltyla I]pFIT,,qX(eHHII yBe3IHqHBaeTc~I 6blCTpee, HeM CI4Ma OTTa31KHBaHH,q. l-lpH yBe.rIHHeHHH 0 
iipeo6JiajiaHFie eHJIM OTTaJIKHBaHH,q Bee BpeM~ IIOBbIILIaeTc~I ~O TeX IIOp, IIOK& He ~OCTHFaeTc$1 
MI, IHHMa.rlbHaR IIOTeHI2HaYlbHa.,'t 3HeprH~I. ,~3I~I KpyIIHbIX KaTHOHOB .gTOT MHHHMyM ~OCTHraeTClR 
TO3"IbKO l-/pH yCJIOBI, IH o~ipe~esleHHo~ Be3/Hr-l/,IHbI h. TaK~IM o6pa3oM, BeaH~mHa MtlHHMyMa I/OTeH- 
Illta3IbHOl~ 3HeprttR FI MHHI'IMyMa 0 3aBI, IC~IT I~aK OT Hec.lle~yeMoro KATHOHa, TaK leI OT h. B BHjIy 
TOrO, RTO KOHIIeHTpaIII, IR HerI, UlpaTI, IponaftHl, IX KaTHOHOB B CFICTeMe MORTMOpM.rI3IOHFIT-BO~,a 
IIOBbIIIIaeTc~I IIpH IIOHFDKeHH R co~epx~aa~I~i BOOM, 3aKaIOttI, IYIH, tITO 0 IIOBblmaeTc~I BO BpeMM 
BblCbIXaHI, I,q rOMOreHHbIX cycIIeH3I, I~ MOHTMOpH.rLrIOHHT-BO~Ia. ~)TO 3aKJiiOqeHi, ie ~aeT ttacTI, IqHOe 
O6/,RcHeHHe FI3MeHeHI, I$1M pa3MepoB b B 3aBttGFIMOCTR OT co~epx<arma BOOM, 3aMeqeHHble )IpyI'I, IMll 
llecJie)loBaTe.ri~iMH. 
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