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Abstraet--Monoionic K- and NH4-smectites saturated with ethylene glycol form mixed-layer structures 
which usually consist of three kinds of layers: a 10-~, non-expanded layer; a 14-fk, partly expanded layer; 
and a 16.8-~, completely expanded layer. In some samples, the 14-~ layers formed 60-700/b of all layers 
present. When saturated with water vapor the smectites commonly consisted of three kinds of layers (10-, 
12.6-, and 15.5-/~). Generally these samples contained fewer expanded layers than those saturated with 
ethylene glycol. This result is attributed to the smaller dipole moment of water compared with that of 
ethylene glycol. The greater solvation energy of NH4 + in comparison with that of K + causes the expansion 
of a part of layers which did not expand in the K forms. This result indicates that there is an inhomogeneous 
distribution of layer charge in the smectite structure. The prevalent type of mixed layering in the studied 
samples is that of random distribution of layers. 
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INTRODUCTION 

By saturation of montmorillonites with monovalent 
ions with low solvation energy, minerals with mixed- 
layer structure are formed. Layers in these structures 
differ in thickness, with the thickness of the layers de- 
pending on the kind of cations and molecules sorbed in 
the interlayer space and on the local charge on the lay- 
ers. If water molecules are sorbed in the interlayer 
space, the interstratified structure consists of 2-4 kinds 
of layers which differ from each other in the number of 
interlayer water molecules. Their mutual ratio depends 
on the relative humidity of the environment. The inter- 
stratified structures are usually analyzed after glycerol 
or ethylene glycol (EG) treatment because of the great- 
er stability of the interlayer complexes that are formed. 

Analyses of mixed-layer minerals are usually made 
with the aid of curves which show how diffraction 
peaks migrate as the relative proportions of different 
layers change (MacEwan et  a l . ,  1961). This method is 
viable only if the number and kind of layers present in 
the analyzed sample are known. Comparison of cal- 
culated and experimental diffraction patterns has sim- 
ilar limitations. The application of these methods led to 
the assumption that the montmorillonite structures 
with monovalent cations and with interlayer glycerol 
or ethylene glycol molecules consist of non-expanded 
( I 0-A) layers and expanded (17.6- and/or 16.8-/~) layers 
(Dyal and Hendricks, 1952; Sawhney, 1969; Reynolds 
and Hower, 1970). 

Papers reporting the application of Fourier transform 
analysis show that the structures may be more compli- 
cated. Three kinds of layers were identified in mont- 
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morillonites saturated with potassium and solvated 
with glycerol (Tettenhorst and Johns, 1966; Shutov e t  

a l . ,  1969; Muravyov and Sakharov, 1970). Also, in EG- 
saturated montmorillonites three kinds of layers were 
detected (Tettenhorst and Johns, 1966; Machajdik and 
(2i~el, 1973). 

Since the existence of three kinds of layers in K- and 
NH4-treated smectites was confirmed by previous stud- 
ies, the present work attempted: (1) to characterize the 
individual kinds of layers found in smectites; (2) to es- 
timate the frequency of occurrence of smectites which, 
after treatment with K § and/or NH4 § and after subse- 
quent saturation with water vapor or EG vapor, give 
rise to mixed-layer mineral with three kinds of layers; 
and (3) to determine which type of mixed layering pre- 
vails in twelve smectites from Czechoslovakia, the So- 
viet Union, the United States, and Bulgaria. 

MATERIALS AND METHODS 

Twelve samples of smectites in which the average 
negative charge on the layer varied between 0.63 and 
1.27 esu per unit cell were studied. Their localities and 
unit-cell formulae are listed in Table 1. Heretofore un- 
published chemical analyses of three samples follow: 
Bor~a: SiO2 = 53.59, A12Oa = 18.09, Fe203 = 5.41, 
MgO = 2.10, CaO = 2.37, total H20 = 16.93; Cham- 
bers: SiO2 = 51.52, Al~O3 = 16.85, Fe203 = 3.92, 
TiO2 = 0.79, MgO = 4.02, CaO = 3.64, total H20 = 
19.37; Zajsanski j :  SiO2 = 53.32, A1203 = 20.80, 
Fe203 = 1.36, TiO2 = 1.53, MgO = 1.65, CaO = 0.82, 
total H20 = 19.21. 

The K- and NH4-forms of each smectite were pre- 
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Table 1. Unit-cell formulae and layer charges of studied smectites. 

Sam- 
ple 

num- 
ber Location Qt QW QW Crystallochemical composition Impurity ~ 

1 Askangel, U.S.S.R? 1.06 0.98 0.08 (Sir.92Alo.os)(A12.rsFeo.zrMgo.so)Ozo(OH)4Cao.z2 
2 Borga, Czechoslovakia 0.74 0.56 0.18 (Sir.s2Alo.ls)(A12.93Feo.59Mgo.44)Ozo(OH)4Cao.z7 SiOz 5% 
3 Brahany, Czechoslovakia 1 0.96 0.19 0.77 (Sir.23Alo.r0(A12.24Fel.srMgo.19)O2o(OH)4Cao.gs K 5% 
4 Chambers, Arizona, U.S.A? 1.17 0.87 0.30 (Sir.7oAlo.3o)(A12.67Feo.44Mgo.9o)O2o(OH)4Cao.ss 
5 Belle Fourche, South Dakota, U.S.A. 2,4 0.86 0.72 0.14 (Sir.srAlo.14)(A1.3.o3Feo.43Mgo.45)O~o(OH)4Cao.43 I 5% 
6 Jelgovg Potok, Czechoslovakia 2 0.95 0.54 0.41 (SiT.59Alo.40(A1.3.orFeo.34Mgo.68)O2o(OH)4Cao.48 K 5% 
7 Manito, Washington, U.S.AY ,4 1.27 0.25 1 .02 (Si6.98A1Lo2)(Alo.3oFe3.59Mgo.o4)O2o(OH)4Cao.64 
8 Michajlov, Bulgaria 3 1.16 0.86 0.30 (SiT.7oAlo.3o)A13.zoFeo.o4Mgo.n)O2o(OH)4Cao.ss 
9 Polkville, Mississippi, U.S.A. 2,4 1.13 0.69 0.43 (Si75rAlo.43)(A12.74Feo.6~Mgo.5002o(OH)4Cao.~6 

10 Py~evskij, U.S.S.R. a 0.97 0.82 0.15 (Sir.ssAlo.15)(A13osFeo.19Mgo.73)O2o(OH)4Cao.48 C 5% 
11 Sampor, Czechoslovakia 1 1.12 0.41 0.71 (Sir.29Alo.r0(Alo.ooFe3.85Mgo.o2)O2o(OH)4Cao57 
12 Zajsanskij, U.S.S,R. 0.63 0.47 0.16 (Sir.s4Alo.16)(A13.44Feo.1~Mgo.38)O2o(OH)4 K 5% 

(Cao.13Mgo.2o) 

Qt = total charge calculated for O2o(OH)4 (esu/unit cell); QVi = octahedral charge (esu/unit cell); QW = tetrahedral charge 
(esu/unit cell). 

1 Novzik and Cieel (1978). 
2 Machajdik and (~irel (1977). 
3 Horvath and Nov~k (1976). 
4 Obtained from Ward's Natural Science Establishment, Rochester, New York. Sample 4 = A.P.I. Reference Clay 23; 

Sample 5 = A.P.I. Reference Clay 27; Sample 7 = Nontronite, A.P.I. Reference Clay 33b; Sample 9 = A.P.I. Reference 
Clay 19. 

5 K = kaolinite; I = illite; C = calcite. 

pared by the method  described by Horvfith and Novfik 
(1975). The Ca-form, saturated with EG,  was checked  
for the absence  of  mixed layering. The K- and N H  4- 
forms were  analyzed after saturation by water  vapor  or  
E G  vapor  (the lat ter  at 60~ for up to 15 hr  until equi- 
l ibrium be tween  the sample and the vapor  had been 
reached).  X-ray powder  diffraction (XRD) patterns 
were  taken with Ni-fil tered C u K a  radiation. Fo r  sam- 
ples with high iron content ,  CoKc~ radiation was used. 
The X R D  data are l isted in Table  2. 

The X R D  pat terns were analyzed by the method  of  
Four ie r  t ransforms according to MacEwan  (1956). Fo r  
calculat ion of  structure factors of  samples saturated 
with water  vapor ,  the montmori l loni te  coordinates  of  
Cole and Lancucky  (1966) were  used. Fo r  calculat ion 
of  structure factors  of  EG-sa tura ted  samples the co- 
ordinates  of  Reynolds  (1965) were  used. An  angular 
factor  (O), which represents  the combined Lorentz-po-  
larizat ion and geometr ica l  factors ,  was calculated from 
the equat ion,  OcuK~ = (1 + cos z 20)/sin 20, where  0 is 
the Bragg angle, assuming an ideally or iented sample.  

The  trial and error  method was used to evaluate  the 
probabili ty coefficients f rom the calculated distribution 
funct ion W(R). To es t imate  the degree of  reliability of  
calculated probabil i ty coefficients,  the measure:  

r = (ho - hc)2/ho 2 

was used,  where  r is the reliability factor,  ho is the peak 
heights found on W(R) calculated from the X R D  pat- 
terns,  hc is the peak heights calculated with the aid of  
suggested probabil i ty coefficients.  The best  fit be tween  

the calculated and proposed  probabili ty coefficients is 
thus indicated by the lowest  value of  r. 

R E S U L T S  A N D  D I S C U S S I O N  

Identified layers 
The following layers were  found in the s tructures 

studied: layer A (dA = 10 A), layer B ( d B =  12.6 A), 
layer  C (dc = 14 ,~), layer  D (do = 15.5 /~), layer  E 
(dE = 16.8 A), and layer  A A  ( d A a  = 2 0  ~ ) .  Layers  A,  
B, and D occurred  in water-saturated structures and 
layers  A, C, and E in EG-sa tura ted  structures.  On the 
basis of  l i terature data (Kinter  and Diamond,  1958; 
M a c E w a n ,  1961; Reyno lds ,  1965; Te t t enhor s t  and 
Johns,  1966; Cole ,  1966; Brindley,  1966) the above  lay- 
ers can be descr ibed in the following way: 

A = a non-expanded montmori l loni te  layer with the 
inter layer  K + or  NH4 + localized much like the K + in 
muscovi te .  

B = a montmori l loni te  layer with one inter layer  of  
H20  molecules .  

C = a montmori l loni te  layer with one inter layer  of  
EG molecules .  

D = a montmori l loni te  layer with two interlayers of  
H20  molecules .  

E = a montmori l loni te  layer with two inter layers  of  
E G  molecules ,  

A A  = two adjacent  layers of  type A, which repre- 
sent one unit in the structure.  

The occur rence  of  layer A in interstratified structures 
is well known.  Layers  B and D exist  also in Na-mont-  
moril lonites,  and layer  E is typical for Ca-montmori l -  
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Table 3. Probability coefficients of mixed-layer structures of K- and NH4-smectites calculated from X-ray powder diffraction 
data listed in Table 2. 

Complexes with water 

l. Askangel 2. Borga 3. Brahany 4, Chambers 5, Belle Fourche 6. Jelgov~ Potok 

K NH4 K NH, K NH4 K NH4 K NH4 K NH4 

pA 0.39 0.02 0.41 0.06 0.50 0.34 0.33 0.03 0.64 0.41 0.54 
pB 0.56 0.98 0.35 0.94 0.27 0.49 0.52 0.94 0.20 0.44 0.26 
pD 0.05 0.24 0,23 0.17 0.15 0.03 0.16 0.15 0.20 
pAA 0.40 1.00 0.10 0.06 0.45 0.10 0.20 0.60 0.46 
pAB 0.50 0.35 0.94 0.25 0.70 0.50 0.80 0,20 0.70 0.30 
pAD 0.10 0.55 0,30 0.30 0.40 0.20 0.30 0.24 
pBA 0.40 0.50 0.06 0,40 0.56 0.40 0.50 0.70 0.60 
pBB 0.58 1.00 0.46 0.94 0,44 0.30 0.57 0.97 0.38 0.2l 0.36 
pBD 0.02 0.04 0.16 0.14 0.03 0.03 0.12 0.09 0.04 
pDA 0.20 0.81 0.69 0.41 0.59 0.80 0.92 0.63 0.68 
pDB 0.80 0.19 0.11 0.59 0.41 0.20 0.03 0.37 0.02 
pDD 0,20 0.05 0.30 

0.40 
0.60 

0.10 
0.90 

0.60 
0.40 

7. Manito 8. Michajlov 9. Polkville 10. Py/~evskij 11. Sampor 12. Zajsanskij 

K NH4 K NI-I4 K NH4 K NH4 K NH4 K NH4 

pA 0.33 0.46 0.02 0.56 
pB 0.41 0.30 0.98 0.23 
pD 0.26 0.24 0.21 
pAA 0.10 0.20 0.02 0.45 
pAB 0.65 0.40 0.98 0.30 
pAD 0.25 0.40 0,25 
pBA 0,40 0.50 0.02 0.60 
pBB 0.17 0.31 0.98 0.28 
pBD 0.43 0.19 0.12 
pDA 0,51 0.91 0.80 
pDB 0.49 0.09 
pDD 

0.42 0.35 0.27 0.16 0.32 0.25 0.35 
0.38 0.51 0.59 0.68 0.50 0.75 0.48 0.90 
0.20 0.14 0.14 0.16 0.18 0.17 0.10 
0.20 0.20 0.30 
0.65 0.90 0.50 0.80 0.50 1.00 0.65 
0.15 0.10 0.50 0.20 0.35 
0.60 0.55 0.40 0.40 0.33 0.40 
0.25 0.27 0.59 0.79 0.37 0.67 0.50 1.00 
0.15 0.18 0.01 0.21 0.23 0.10 
0.54 0.50 0.24 0.80 0.13 0.93 
0.06 0.40 0.76 0,10 0.87 0.07 
0.40 0.20 0.10 0.10 1.00 

complexes with ethylene glycol 

1. Askangel 2. Borga 3. Brahany 4. Chambers 5. Belle Fourche 6. Jelgov# Potok 

K N I"I4 K NH4 K NH4 K NI-I4 K NH4 K NHa 

pA 0.07 0.20 0.12 0.30 0.16 0.06 0.14 0.26 0.09 
pC 0.36 0.10 0.75 0.33 0.12 0.16 
pE 0.64 0.93 0.80 0.88 0.60 0.84 0.25 0.61 0.86 1.00 0.62 0.75 
pAA 0.20 0.10 0.20 0.30 0.20 0.30 
pAC 0.20 0.10 0,05 
pAE 0.80 0.90 0.80 0.70 1.00 0.60 1.00 0.60 0,95 
pCA 0.10 0.30 
pCC 0.40 0,10 0.70 0.37 0.45 0.60 
pCE 0.60 0.80 0.30 0.63 0.25 0,40 
pEA 0.06 0.23 0.11 0.39 0.19 0.08 0.16 0.23 0.12 
pEC 0.34 0.01 0.90 0.32 0.07 0,08 
pEE 0.66 0.94 0.77 0.89 0.60 0.81 0.10 0.60 0.84 1.00 0.70 0.80 
pAA 

7. Manito 8. Michajlov 9. Polkville 10. Py~evskij 11. Sampor 12. Zajsanskij 

K NH4 K NH4 K NH4 K NH4 K NH4 K NH4 

pA 0.21 0.14 0.35 0.02 0.39 0.09 0.05 0.15 0.30 
pC 0.16 0.69 0.18 0.11 0.17 0.25 0.70 0.60 0.05 
pE 0.10 0.31 0.65 0.98 0.43 0.80 0.78 0.75 0.15 0.70 0.40 0.83 
pAA 0.30 0.02 0.50 0.10 0.40 
pAC 0.60 0.05 0.60 
pAE 0.40 0.70 0.98 0.50 0.95 1.00 0.30 0.60 
pCA 0.20 0.20 
pCC 0.78 0.45 0.32 0.15 0.40 0.85 0.50 
pCE 0.02 0.35 0.68 0.85 0.60 0.15 0.50 
pEA 0.72 0.38 0.02 0.37 0.11 0.06 0.90 0.26 
pEC 0.28 0.23 0.09 0.19 0.20 0.10 0.75 
pEE 0.62 0.98 0.40 0.80 0.75 0,80 0.74 0.25 
pAA 0.25 0.12 

pA, pB, etc. = probability coefficient of frequency of occurrence of layer A, B, etc. in sample. 
pAA, pBB, etc. = coefficient of probability that layer A succeeds to layer A, layer B succeeds to layer B, etc. 
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lonites saturated with EG. Layer AA was found only 
in two samples of NH4-montmorillonites (specimens 7 
and 12). When saturated with potassium, layer AA was 
absent. 

Kinter and Diamond (1958) thought that some mont- 
morillonites formed the layer C complex, and in papers 
on mixed-layer structures of K-montmorillonites, such 
a layer was identified by Tettenhorst and Johns (1966). 
The orientation of the ethylene glycol molecules is not 
known, but it is probably identical with that of the ver- 
miculite complex with one layer of EG. Here the sym- 
metry plane of the molecule is perpendicular to the bas- 
al plane and parallel to the axis of the unit cell (Bradley 
et al., 1963). 

Layer C is common in the investigated samples. It 
was identified in nine samples of K-montmorillonites 
and in six samples of NH4-montmorillonites solvated 
with EG. In some samples, layer C formed 60-70% of 
all layers present. This layer usually has not been iden- 
tified in interstratified structures. 

Relations between individual types o f  layers 

The proportion of layers A, B, and D in the inter- 
stratified structures containing interlayer water mole- 
cules depends on the relative humidity of the environ- 
ment. Unfortunately the XRD patterns were obtained 
at a relative humidity between 0.45 and 0.6; conse- 
quently only qualitative estimates can be made. 

Apart from the sample 7, the proportion of 10-/k lay- 
ers in K-montmorillonites is greater than in the NH4- 
montmorillonites. The NH4-smectites show a greater 
content of B layers which have one layer of interlayer 
water molecules. Samples 1, 2, 4, 8, and 12 contain as 
much as 90% B layers, and they nearly lose their char- 
acter of interstratified structures. 

A greater dehydration of the interlayer observed in 
K-smectites is caused by the lower hydration energy of 
K § when compared with that of NH4 +. Naturally, with 
the same charge distribution on the structure of the 
smectite under consideration, K § causes a greater de- 
hydration of the interlayer (and consequently its col- 
lapse to 10 A) than NH4 +. 

Structures of monoionic K- and NH4-smectites sat- 
urated with EG are more expanded than identical struc- 
tures saturated with water. This is evidently caused by 
the fact that the dipole moment of EG (/zEc = 2.28 D) 
is greater than that of water (/Zw = 1.84 D). Some of the 
10-A layers, which did not expand when the interlayer 
was saturated with water vapor, expanded after the in- 
terlayer was saturated with EG. This phenomenon in- 
dicates heterogeneity of the charge distribution on the 
layers of the structure. 

Type o f  interstratification 

Interpretation of interstratification in K- and NH4- 
smectites is limited by the small number of basal re- 

flections obtained with XRD analysis. Coefficients pA, 
pB, pC, pD, and pE, listed in Table 3, can be considered 
as good approximations of the actual proportions of in- 
dividual kinds of layers in samples since the number of 
experimental data exceeds that of calculated parame- 
ters (twofold to fourfold in EG-saturated samples). This 
does not apply to parameters pAA, pBB, etc., which 
are also included in Table 3. Their values, especially for 
water-saturated samples, are informative only. Since 
both groups of coefficients (pA, pB, etc. and pAA, 
pAB, etc.) are needed for the determination of the type 
of interstratification, a certain caution is indicated in 
accepting such conclusions. Further it is necessary to 
remember that the deviations Api.j of the probability 
coefficients p~,j from the value which they would have 
at random mixing of layers indicate a tendency towards 
a regular arrangement or zonality of the structure only 
when the product IP~'Pi.Jl ~> 0.05, which is probably 
the accuracy of the Fourier transform. Determination 
of the type of interstratification can be demonstrated on 
sample 6 (K-montmorillonite, EG-saturated). For ran- 
dom interstratification, pA = pAA = pCA = pEA = 
0.26. In addition, pC = pAC = pCC = pEC = 0.12, 
and pE = pAE = pCE = pEE = 0.62. Comparing 
these values with those in Table 3 one finds that pCE 
values show the greatest discrepancy between the 
found and the expected value, 0.25 and 0.62, respec- 
tively. If the difference ApCE = 0.25 - 0.62 = -0 .37 
is calculated and inserted into the relation ]Pi'PiJl ~> 
0.05, the result I -~176 ~> 0.05, which is not true. For 
this reason sample 6 is considered to be a randomly in- 
terstratified mineral. Hence, there appears to be a pre- 
vailing random distribution of layers in the structure, 
which, in some samples, shows a slight tendency to 
order. This tendency is especially prevalent in com- 
plexes with water. However, it is sometimes difficult 
to decide whether a sample formed by three kinds of 
layers represents a zonal or ordered mixed layering. 
Thus; for example, sample 2, a K-montmorillonite, fa- 
vors the formation of the layers AD, which further leads 
to the zonality of layers B (Table 3). Thus, it is not pos- 
sible to decide to which class this sample belongs. 
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Pe31OMe.----MoHOHOHHI~Ie K- II NH4-cMeKTI, ITbl , HaCblIlleHHble ~THJIeHOBblM FJIHKO./IeM O6pa3y~OT cTpyK- 
Typhl ClViemenHblX C/loeB, KOTOpble O{)blqnO COCTO~tT 1,13 "rpex "rnnoB: 10-/k, aepacmnpeltnblfi cJio~; 14-/~, 
,aacTnqIaO pacmnpeaubifi cslofi; n 16,8-A, noJmocTmo paculapeHHblfi CJIOfi. B neKoTopblx o6pa3ttax 14-A 
cJlon cocTaBJln•n 60-70~ OT Bcex CJIOeB. CMeKTIdTbl, HaCbnL~eUHhle BO~III:IHblM napoM 06blqHO COCTO~'In 
n3 Tpex Tnnoa caoea (10-, 12,6-, n 15,5-,~). B OCHOBaOM aTn o6paaUbI co~Iepz<ann Mensme pacmnpennblx 
C/lOeB, qeM ofpaalabl, nacblmennhle ~Tn/lenoBhIM ranro~eM. 3TOT peay/lbTaT ornocnTcn K Mem,meMy 
gnnO.rlbHOMy MOMeHTy BO~bl no cpaanenrIIO c 3TH.rleHOBblM r~nKO~eM. Bo.rlblLIa,q aneprnfl co.rlbBaTalILnH 
~la  NH4+, qeM ~ K + Bbl3blBaeT pacmnpenne qacTn C/loeB, KOTOpble He pacmnpmoTc~ B K-qbopMax. 
~)TOT pe3yJlbTaT yKa3bIBaeT, qTO nMeeTc~/neroMorennoe pacnpe/te~IeHne c~ofinoro 3ap~JIa B cTpyKType 
CMeKTHTa. IlpeoO.rlaJIamlanM TnIIOM cMeiiIannblx C/lOeB B n3yqennblX ofpasttax flBJIfleTCSt 6ecnopKzloq- 
hoe pacnpe~Ie/len~e cnoeB. [E.C.] 

Resiimee---Mono-ionische, mit Ethylenglycol-gesiittigte K- und NHcSmekti te bilden Wechsellagerungs- 
strukturen, die gew6hnlich aus drei Schichtarten bestehen: Eine nicht expandierte 10 A-Schicht, eine teil- 
weis expandierte 14 A-Schicht und eine vollstiindig expandierte 16,8 ]k-Schicht. In einigen Proben machten 
die 14 A-Schichten 60--70% aller vorhandenen Schichten aus. Bei Wasserdampfsiittigung bestanden die 
Smektite aus drei Schichtarten (10, 12,6, und 15,5/~). Im allgemeinen enthielten diese Proben weniger 
expandierte Lagen als die Ethylenglycol-gesiittigten Proben. Dieses Ergebnis wird auf das im Vergleich zu 
Ethylenglycol kleinere Dipolmoment des Wassers zurfickgefiihrt. Die grrBere Solvatationsenergie yon 
NH4 + verglichen mitder  von K + verursacht die Expansion eines Tells der Schichten, die in den K-Formen 
nicht expandierten. Dieses Ergebnis deutet darauf hin, dab in der Smektitstruktur eine inhomogene Verteil- 
ung der Schichtladung vorhanden ist. Der vorherrschende Typ von Wechsellagerung in den untersuchten 
Proben ist der mit einer statistischen Verteilung der Schichten. [U.W.] 

Rrsum&--Des smectites monoioniques-K et -NH 4 saturres de glycol 6thyl~ne forment des structures b, 
couches mrlangres qul,.consistent grnrralement de trois sortes de couches: une couche 10-/~ non-entire, 
une touche 14-Zk partiellcment entire, et une couche 16-,~ enti~rement entire. Dans certains 6chantillons, 
les couches 14-/~ formaient de 60 h 70% de toutes les couches prrsentes. Lorsqu'elles 6talent saturres de 
vapeur d'eau, les smectites.consistaient habituellement de trois sortes de couches (10-/~, 12,6-/~, et 15,5- 
]k). Ces 6chantillons contenai.ent grnbralement moins de couches enflres que ceux saturrs de glycol 6th- 
yl~ne. Ce rrsultat est attribu6 au plus petit moment diprle de l 'eau compar6 h celui du glycol 6thyl~ne. 
L'rnergie plus grande de solvation de NH4 + en comparaison avec celle de K + cause l 'expansion d'une 
partie des couches qui ne s ' r tai t  pas entire dans les formes K. Ce rrsultat indique qu'il y a une distribution 
non-bomogbne de charge de couche dans la saucture d'une smectite. Le type prrvalent de mrlange de 
couches darts |es  ~chantillons 6tudirs est celui de la distribution de couches au hasard. [D.J.] 
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