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Abstract--The basal spacings of long chain n-alkanol complexes of nontronite saturated with Li +, K + 
Mg ~+, Ca ~+, Sr 2+ and Ba ~+ were measured for temperatures increasing from--70~ up to 130~ With 
rising temperatures the complexes rearrange from a low temperature form into a high temperature 
form. 

In the low temperature form the alkyl chains of the alkanol molecules form bilayers with their 
chain axes perpendicular to the silicate layers. The chains may not be in all cases in the planar all 
trans conformation but in special 'kink'-conformations. 

The transition into the high temperature form is explained by cooperative transition from a form 
with a low number of ~jogs' to one with a high number of 'jogs' and 'kinks'. 

INTRODUCTION 

IN SWELLING mica-type layer silicates with long 
chain compounds in the interlayer space a charac- 
teristic phase transition was observed with 
increasing temperature. The transition was charac- 
terized by a major decrease in the basal spacing 
(Brindley and Ray, 1964; Weiss and Roloff, 1966). 
In  a recent paper (Lagaly and Weiss, 1971 a,b) on 
the n-alkylammonium silicate-n-alkanol com- 
plexes it has been shown that besides the high-low 
temperature phase transition, additional charac- 
teristic transitions can occur within the regions of 
both the low and high temperature form. The 
transitions are connected with changes in basal 
spacings of only 1.1-1.3 A and are probably due to 
the formation of kinks and jogs within the alkyl 
chains. In the present paper the measurements of 
Brindley and Ray were extended to the alkanol 
complexes of nontronite with different inorganic 
interlayer cations. 

EXPERIMENTAL 

Materials 
A nontronite from Kropfmuehl (Grube Ficht  

Bavaria, Germany)  was used. I t  consists of lath- 
like crystals of about 3-10/~m length and 300-500 

breadth. The layer charge (0.4 eq./(Si, A1)4010) 
and the CEC (110 mval/100g) are similar in the 

*Reprints from G. Lagaly 
ina = number of carbon atoms in the alkyl chain of the 

alkanol molecules. 

highly charged montmorillonite from Cyprus and 
are higher than those of the Dakota  montmoril- 
lonite used by Brindley. The Li +, K +, Mg ~+, Ca 2+, 
Sr z+ and Ba2+-saturated samples were prepared 
by treating the natural clay several times with 1 N 
solutions of the appropriate chlorides for several 
days. After  the cation exchange reaction the 
samples were washed free of  chloride and dried at 
1 IO~ in vacuum over  P401o. 

Methods 
The alkanol complexes were obtained by the 

'propping open' procedure of Brindley and Ray 
(1964), starting from the ethanol complex. From 
this the butanol complex was obtained by the 
following method: the slurry of nontronite and 
ethanol was transferred to a Buchner funnel and a 
large amount of butanol was slowly sucked through. 
Attention was paid to keeping the nontronite 
always under alcohol and to careful exclusion of 
water. The  completeness of this displacement 
reaction was monitored by X-ray diffraction, 
following the criteria of Brindley and Ray (1964) 
and checking the integrality of  the (00/)-reflections. 
The hexanol complex was prepared in the same 
way from the butanol complex and then the octanol 
complex from the hexanol complex, etc. In this 
procedure the long chain alkanols (ha > 12)? had 
to be dissolved in a mixture of hydrocarbons 
(b.p. 40-60~ Prior  to X-ray examination, 
adhering solvent was removed by passing a dry 
air stream over the sample. In order to prove the 
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absence of hydrocarbon from the interlayer region, 
some samples were prepared without any solvent 
by using molten long chain alkanol, others by use 
ofhexanol as a solvent. The three different methods 
yielded samples of identical basal spacings with 
rational (00/)-sequences. 

The basal spacings were measured with the 
Siemens diffractometer (Type Kristalloflex III). 
In order to get exact 20-values, a standard kaolinite 
was used for calibration. The sample holder was 
connected with a cryostat and thermostat, resp., so 
that temperatures between - 7 0  and + 140~ could 
be applied. The temperature of the sample was 
constant within • 2~ 

In measurements below room temperature 
water vapor from the air is condensed onto the 
sample. The water molecules would replace inter- 
calated alkanol molecules, thus leading to erron- 
eous data. Therefore, the entire apparatus was 
protected by polyethylene film. In addition, at 
temperatures below 0~ dry nitrogen was blown 
through the apparatus. 

Attempts at determining the exact amount of 
intercalated alkanol failed, since it was impossible 
to remove all the adhering alkanol without extrac- 
ting some alkanol from the interlayer region. Extra- 
polation from thermogravimetric analysis tended 
to about 2 moles alkanol per mole (Si, A1)4010 for 
the low temperature form and to about 1.3 moles 
alkanol per mole (Si, A1)4010 in the high tempera- 
ture form. 

RESULTS 

Influence of  the chain length on the basal spacings 
In Fig. l a the basal spacings dL of the Mg- 

nontronite-n-alkanol complexes are plotted 
versus the temperature. Within the experimental 
limits of error the basal spacing of the hexanol 
complex is independent of temperature. All the 
longer chain complexes exhibit a marked depen- 
dency of basal spacings on temperature, with a large 
decrease at a transition temperature and small or 
negligible changes below and above this tempera- 
ture. The decrease occurs over a more or less 
broad temperature range. With increasing chain 
length this range narrows and shifts to higher 
temperatures and the difference in the basal 
spacings of the complexes below and above the 
transition temperature increases. Obviously, for 
the shorter chain alkanols the transition tempera- 
ture range includes the melting points of the pure 
alkanols (arrows in Fig. la), thus justifying the 
nomenclature "above and below melting point 
series" of Brindley and Ray (1964). With increas- 

ing chain lengths, however, the transition shifts to 
appreciably higher temperatures. 

Influence of the interlayer cations on the basal 
spacings 

The basal spacings of the various complexes 
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Fig. 1. Variation of the basal spacings of nontronite-n- 
alkanol complexes with temperature. - X -  X -  Hexanol 
- V - V - Dodecanol - �9 - �9 - Octadecanol - [ ] -  [ ] -  
Octanol - I 1 -11 -  Tetradecanol - A -  A -  Decanol 
- A - A -  Hexadecanol (a) Mg-nontronite (b) Ca- 
nontronite (c) Sr-nontronite (d) Ba-nontronite (e) Li- 
nontronite (f) K-nontronite (the arrows in Fig. la  in- 

dicate the m.p. of the pure n-alkanols) 
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with o ther  mono-  or  divalent  inter layer  cations 
(Figs. l b - f )  change in a similar way with rising 
temperature .  H o w e v e r ,  dist inct  differences up to 
3 A are in t roduced by the different inter layer  
cations. T h e  tempera ture  intervals  for the low/high- 
transi t ion are listed in Tab le  1. The  transi t ion 
tempera tures  increase with rising chain length. The  
influence of  the inter layer  cations is small; no 
simple relat ion to cation size and valency can be 
seen. 

Table 1. Temperature range for the transition of the low 
temperature form into the high temperature form: (= 

temperatures for AdL/AT = maximum) 

Temperature range (~ for 
Cation r/A = 10 12 14 16 18 

Mg 2+ 20-30 50-70 60-70 90-100 
Ca 2§ 30-40 50-60 60-70 
Sr 2§ 10-20 20-30 45-60 60-70 70-80 
Ba ~+ 40-50 60-65 90-100 

Li + 20-25 30-40 65-80 
K § 10-20 50-60 60-70 70-80 

With Li  § K § Ca  2+ complexes  of  oc tadecanol  
and Li  § and Ba 2+ complexes  of  hexadecanol  the 
transi t ion low/high seems to be impeded.  T h e  
decrease  of  the basal  spacing is very  small and the 
sequence  exhibits some randomness .  

The  exper imenta l  data suggest  that the structure 
in the in ter layer  space may  be similar for the 
different in ter layer  cations but  not  exact ly the same. 
A model  should make a l lowance for such differ- 
ences  wi thout  drastic rear rangement  of  the inter- 
layer structure.  F o r  Li -complexes ,  in addition, a 
shift of  the Li  § cations f rom exchange  posit ions 
into octahedra l  holes may be considered.  H o w e v e r ,  
this change is unlikely, since the charge distribu- 
tion i s  highly beidellit ic and the measured  spacings 
are reversible .  

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

Models for the interlayer structure in the low 
temperature form 

The  ar rangement  of  long chain molecules  in the 
inter layer  space of  swelling layer  silicates can often 
be deduced  f rom basal spacings measured  for 
different chain lengths. I f  the basal spacings 
increase with increasing chain lengths in a regular 
manner ,  it can be assumed that  the long chain 
molecules  are s t retched and tilted at distinct 
angles a to the  silicate layers. T h e  tilting angle can 
be calculated f rom the average  increase o f  the basal  
spacing with chain length (= AdL/AnA). I f  AdL/AnA 
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is 1.27 A/C-atom, the chains are perpendicular to 
the silicate layers. (The projection of the C - C  bond 
of an alkyl chain to their chain axis is 1.27 A). A 
value less than 1.27A indicates tilting angles 
smaller than 90 ~ , which can be calculated from the 
formula 1.27 sin a = Adz/Aria. If  Adz/AriA becomes 
larger than 1.27 A, the chains are either arranged in 
bilayers between the silicate sheets or the tilting 
angle increases with increasing chain length. If  the 
chains in both layers are perpendicular to the 
silicate sheets, the maximum increase per carbon 
atom is AdL/AnA = 2.1 "27 A = 2"54 A. 

The described procedure was used by Brindley 
and Ray (1964) in order to learn about the arrange- 
ment of  long chain alkanol molecules in the inter- 
layer space of Ca-montmori l loni te-alkanol  
complexes. In these, the alkanol molecules are 
reported to be arranged in bimolecular layers 
with their chain axes tilted at angles of 77 ~ with 
respect  to the silicate layers. This value is close to 
the 70 ~ angle required for a distinct type of hydro- 
gen bonding to the silicate layers (Tettenhorst and 
McGuire ,  1970). The basal spacings of the 
nontronite complexes,  however, cannot be inter- 
preted easily in this way. Since the decrease in 
basal spacing with rising temperature is non-linear, 
calculation of the tilting angle from an average 
seems to be meaningless. 

Instead of using Ad~/Ana, the tilting angle a can 
also be estimated from the absolute value of the 
basal  spacing dL. This procedure requires exact 
values for the distance between the OH-groups 
and the silicate layers and between the CH3 
terminations within the bilayers. Since these values 
are known only within certain limits, the calcula- 
tion of tilting angle is somewhat arbitrary. In 
addition it must be taken into consideration that 
the orientations of the end groups can change with 
the chain length, the interlayer cation and the 
temperature.  

F o r  these reasons we propose another model. 
We assume that the chains are nearly perpendicular 
to the silicate layers but undergo conformational 
changes with increasing temperature, especially a 
transformation of trans C - C  bonds into their 
gauche forms. 

I f  the chain axes are perpendicular to the silicate 
layers (Fig. 2), the basal spacings for the all-trans 
conformation can be calculated by the equation: 

dL = 6.6 + 2{x, + 1.20 + (na -- 1) 1 "27} + xe[A ] 
= 12.7 + 2"54na[A]. 

The terms in this equation have the following 

: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  
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Fig. 2. Idealized arrangement of the alkanol molecules 
in the interlayer space of the nontronite-n-alkanol 
complexes in the low temperature form (without regard 

to interlayer cations). 

meanings: 6-6 is the separation between the centers 
of the oxygen atoms on opposite sites of a silicate 
layer; xi gives the distance of the OH-groups from 
the surface oxygen atoms of the silicate sheet 
(normal to the silicate layer); x2 denotes the dis- 
tance between the CH3-endgroups in the medial 
plane of the interlayer space; the term 1.20 + 
( n a -  1) 1-27 is the length of the alkyl chain be- 
tween the O-atom and the terminal C-atom for 
the all-trans conformation. The most favorable 
positions of the OH-groups of the alkanol molecules 
are positions above the pseudo-hexagonal array of 
surface oxygens. In this case x~ is 1 . 6 •  
(Lagaly and Weiss, 1971). If  the CH3-terminations 
of the alkyl chains make v a n  der Waals contacts 
within the bilayer, xz is 3.0 • 0.3 A. 

In these models the influence of the interlayer 
cations has not been considered. The cations 
cause defects in the regular arrangement of the 
alkyl chains. The distortion should depend upon 
the size of these ions and their coordination to the 
surface oxygens. Large cations, such as K § Sr 2+ 
and Ba 2§ probably will occupy positions above the 
oxygen hexagons, which will permit coordination 
numbers higher than 6, whereas small cations like 
Li § Mg 2+ and probably Ca 2§ may be arranged 
above the centers of the SiO4-tetrahedra with a 
tendency to coordination number 6. In  both cases 
the coordination of  the cations can be completed 
by the alkanol oxygens,  which requires a shift of 
these alkanol molecules out of the oxygen hexagons. 

The displacement of the alkanol molecules from 
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the energetically stable positions above the hexagon 
centers is favored by the ion-dipole interaction 
(cation-OH group of alkanol) and probably by an 
increase of the van der Waals energy between the 
chains. In the idealized structure with interlayer 
cations and alkanol molecules occupying only the 
hexagon centers, 2-~ alkanol molecules can be 
bound (per formula unit, i.e. (Si, A1)4010-unit, there 
are 2 hexagons and ~ cations). Here the packing of 
the chains is not as close as in the crystalline 
alkanols (Lagaly and Weiss, 1971a). If, however,  
the influence of the cations forces the adjacent 
chains out of their positions in the oxygen hexa- 
gons, the alkanol content in the interlayer space is 
no longer determined by the number of hexagon 
positions and becomes somewhat higher than 2-~ 
molecules per  unit, thus producing a closer packing 
of the chains. The less favorable arrangement of 
the OH groups to the surface oxygen atoms of the 
silicate layers is then compensated by the en- 
hanced van der Waals energy between the chains 
as a consequence of the closer packing. In  this 
view, the cations can be regarded as point defects 
which produce dislocations of the alkanol mole- 
cules in the sense of positive or negative clustering 
of these molecules around the cation. I f  most of 
the chains still remain in the all-trans conformation, 
the OH distance from the silicate layers is en- 
hanced and the basal spacing can be up to 2.5 
higher than the calculated values. 

In another model it can be assumed that the 

*The first number in the kink notation denotes the 
number of gauche bonds, the second the shortening of 
the overall length in multiples of 1.27 ,~. Kinks which 
produce a shortening > 1.27 A are called jogs. 
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cation point defects in the interlayer structure give 
rise to structural deviations from the all-trans 
conformation. The most probable conformational 
isomers are the kink and jog isomers. These isomers 
are formed if trans-bonds in the chain turn into 
gauche-bonds. In  the case that three adjacent 
trans-bonds ( . . .  t t t . . . )  change into a . . . g t g . . .  
conformation, the new conformation is called a 2g 1 
kink (Fig. 3). The two parts of such alkyl chains 
are parallel to each other, but the overall length is 
1.27 A: ;horter thanin the all-trans chain�9 Other types 
of kinks have conformations such as . . .  g t t t g . . .  

(= 2g2 kink*) . . . .  gtg, t g . . .  (= 3g2 kink) or 
� 9  g t t t t t g . . .  (= 2g3 kink). Recently,  kink isomers 
are supposed to cause the rotational phase transi- 
tion in paraffin crystals (Blasenbrey and Pechhold, 
1967) and to contribute to the relaxation properties 
of polymers (Pechhold, 1968; Pechhold and 
Blasenbrey, 1970).The model in Fig. 4 shows how 
the formation of kinks near the interlayer cations 
produce kink block structures. Their  dimensions 
depend upon the chain length and the special type 
of kinks (Table 2). I t  seems evident that those types 
of kink block structures should be preferred whose 
areas are comparable with the area available for 
each cation on the silicate surface (twice the equiv- 
alent area for monovalent cations and four times 
the equivalent area for divalent cations). I t  can be 
seen from Table 2 that, according to cationic 
radius and chain length, different kink block struc- 
tures ( 2 g l / 2 g l / . .  . t t t  . . . .  2 g 2 / 2 g l / .  . .  t t t  . . . .  2 g l /  

2gl  etc.) may be formed. The formation of such 
structures should reduce the basal spacing by 1.3 
(2gl-kink block) or 2 x 1.27 A (2g2 or 3g2 kink 
block), but this decrease can be more or less com- 

i 
1.27 ~, 

t 
- - 2 .  ~ . 2Z  

I 

a l l -  t r ans  chain 2 g l - k i n k  3 g 2 - k i n k  

. . . t t t t f t  . . . . . .  t t g t ~ t t  . . . . . .  t t g t g t ~ t  t... 

1 _ _ L  

2 g 2 - k i n k  

...t t g t t  t o t  t.., 

Fig. 3. Rotational isomers of alkyl chains: ( - t rans bonds . . . . . .  gauche bonds). 
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Table 2. Dimensions of kink block structures in nontronite-n-alkanol complexes 

Area for each 
cation on the 

Interlayer Ionic radius Combination of kinks to Model silicate sheet* 
cation (A) accommodate the cation (~)2 

Area of the kink block 
for 

nA = 12 nA = 18 
(h)~ (h) 2 

Li § 0.60 2 g l / . . .  t t t . . .  Fig. 4a 120 
K + 1.33 2gl/2gl Fig. 4b 120 

or 
292/ . . .  ttt. .. 

Mg 2+ 0-65 2g2/ . . .  t t t . . .  Fig. 4a 240 
Ca 2+ 0.99 / 2gl/2gl Fig. 4b 240 
Sr z+ 1.13} or 
Ba z+ 1.35J 292 / . . .  t t t . . .  

1t0 170 
220 340 

100 160 
ll0 170 
220 340 

100 160 

* = 2 • equivalent area for monovalent cations: 
= 4 • equivalent area for monovalent cations. 

"~ = the areas were calculated for a linear arrangement 
chains in one row being 4.8 A, between the rows 4.2 A. 

of the chains like Fig. 4, the mean distance between the 

pensated by changes in the distance of  the OH 
groups from the silicate layers and the distance 
between the CH3 terminations. 

The  experimental results are given in Table 3. It 
may be seen that for the small interlayer cations the 
basal spacing lies at the upper limit of the calcu- 
lated data or exceeds these values. In these cases 
the first model seems to be more probable. The 
formation of kink block structures may be realized 
only for the large interlayer cations and long 
alkyl chains. 

Phase  transitions in the low ternperature f o r m  

Within the temperature range of  the low tem- 
perature form, in most samples the basal spacing 
decreases with rising temperature in a quite irregular 
manner. The decrease in the basal spacing can be 
interpreted as the formation of kinks. In well 
ordered systems with cooperative kink formation 

the basal spacing should decrease in steps of 1-3 
as observed in the n-alkylammonium-n-alkanol 
complexes (Lagaly and Weiss, 1970 a,b). In the 
system under investigation, however,  the regular 
stepwise decrease in the basal spacing by kink 
formation seems to be more or less outweighed by 
changes in the arrangement of the end groups or 
by the fact that rotational isomers with the same 
conformation are arranged in clusters in the inter- 
layer spaces which change their conformation at 
different temperatures. Due to such clusters the 
spacings of succeeding interlayer spaces would 
differ by about 1.3 A and the measured basal 
spacing would be only an average. The very regular 
decrease in the basal spacing of the n-alkylammon- 
ium silicate-n-alkanol complexes comes from the 
fact that here the cations do not represent point 
defects in the interlayer structure since their long 
chains are incorporated in the bimolecular film of 

Table 3. Basal spacings of the low temperature form of nontronite-n-alkanol com- 
plexes (ca 20~ below melting point of pure n-alkanol) 

Basal spacings 
Number of Calculated for bimol. (A) 
C-atoms in arrangements Experimental interlayer cations = 
the chain equation (1) Li + Mg ~+ Ca ~+ Sr 2+ K + Ba z+ 

Ft A 

6 27.9 (30'4)* 27'3 28"0 28'6 27.2 26 .0  27'0 
8 33'0 (35"5) 32'3 33'0 32.7 32'1 34.3 32'0 

10 38.1 (40.6) 38'4 38.0 38.2 
12 43.2 (45"7) 45.0 45'8 44'2 44'2 44.1 44'0 
14 48.3 (50"8) 51"2 51'4 51'5 48.2 48 .4  49.4 
16 53'3 (55.8) 55"2 56.4 55'3 54'0 53.1 54.3 
18 58.4 (60'9) 59'6 60'4 60'4 59.7 60 .0  57"6 

* Maximal values. 
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but increase with increasing chain length. This 
situation suggests that the transition is primarily 
caused by alkyl chain conformation changes. 

There seems to exist a certain relation between 
the basal spacings in the low temperature form and 
the high temperature form. Since no phase transi- 
tions are observed for the hexanol complexes it is 
possible to compare the differences in the basal 
spacings d.A>6--d,,a=8 for the low temperature 
form (1.t.f.) and the high temperature form (h.t.f.). 
The ratio: 

(d,, >8 - d ,  -8) 1 . . .  

(d.A>~ - d.A=8) h.t.f. 

was found to be about 2-0, thus suggesting a 
mechanism for the phase transition which is in- 
dependent of the chain length (hA ----> 8) and the 
interlayer cation. 

L I - Kink b l o c k  

Fig. 4b 
Fig. 4. Formation of kink block structures as a con- 
sequence of point defects caused by the interlayer 
cations: (a) small interlayer cations and combinations 
2gl/ . . .  ttt.., at the kink block boundaries. (b) large 
interlayer cations and combinations 2gl[2gl at the kink 

block centers. 

the alkanol molecules in the interlayer space and 
cooperate in the conformational changes of the 
alkanol molecules. 

For  alkanol complexes with less than 8 C-atoms 
in the chain the basal spacing is constant in the 
investigated temperature range (Figs. 1 a-f). This 
constancy indicates the formation of kinks and 
jogs to be less probable in short chains (hA < 8). 

Transition to the high temperature form 
As shown in Table 1 the transition into the high 

temperature form starts at temperatures which in 
general are not markedly influenced by the cations 

Models for the high temperature form 
| n  order to interpret the low-high temperature 

phase transition, one might assume at first glance 
that the bimolecular layer of the low temperature 
form rearranges to a monolayer structure at higher 
temperatures. This assumption seems to be suppor- 
ted by the measured loss of alkanol from the inter- 
layer space. However,  the observed basal spacings 
are remarkably higher than the values which are 
calculated for the monolayer structure (Table 4). 
Thus, a bimolecular arrangement in the interlayer 
space must be discussed. The simplest model 
which corresponds to the observed data is pictured 
schematically in Fig. 5a and is similar to the model 
of Brindley and Ray (1964). In  other models the 
rearrangement in the interlayer space may be 
caused by a cooperative transition of structures 
with low kink concentrations into structures with 
high kink concentrations or in structures with 
predominant jogs (Fig. 5b). Since chains with jogs 
require two neighboring positions in the interlayer 
space, the formation of jogs must lead to a drastic 
rearrangement of the interlayer structure, connected 
with a release of alkanol out of the interlayer space. 
Probably both layers of alkanol molecules are 
interlocked with each other, but total interlocking 
is prevented by the jogs. 

In some cases the basal spacings in the high 
temperature form are unexpectedly high, parti- 
cularly with Li § cations. The low temperature form 
appears to be stabilized up to high temperatures. 
Perhaps the release of the alkanol from the inter- 
layer space is hindered so that special types of 
rotational isomers (e.g . . . .  tgt~...helix) may be 
formed. A different view would be that the alkanol 
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Table 4. Basal spacings of the high temperature form of nontronite-n-alkanol 
complexes (ca 40~ above melting point of the pure alkanol) 

Basal spacings 
Number of Calculated for (A) 
C-atoms i n  monolayer Experimental interlayer cations = 
the chain arrangement Li § Mg 2+ Ca 2+ Sr ~+ K § Ba 2+ 

8 21-1 30.1 32-1 30.0 30.3 
10 23.6 34.8 33.0 34.0 
12 26.2 37.4 38.4 35-6 34.4 34.6 34.2 
14 28.7 43.6 39.2 38.4 37.0 34.2 36.2 
16 31.3 50.4 42.3 41.2 40.5 38.2 40.7 
18 33.8 56.9 44.1 55.6 44.2 54.3 47.8 

I i iiiiiiiiill iiii!iiii!i!i!ji ii!iiijiijijJjii!!iiiijiiiilJ!iijii ii  iii!i  ii    iiii iiiiii ii ii!ii  

I ii iiii iiiii!i!!iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii ..... iiiii ili 
Fig. 5a 

iii i 

Fig. 5a,b. Models for the interlayer structure in the high temperature form. (There is some experi- 
mental evidence for an increased porous volume in the high temperature form. Some of the holes may 

be occupied by alkanol molecules flatly lying on the silicate surface.) 

molecu les  m a y  n o t  in te r lock  to the  same  ex ten t  as 
i n  the  o t h e r  complexes .  T h e  di f ferences  b e t w e e n  
the  p r o p o s e d  or  o t h e r  poss ib le  mode l s  lie main ly  in 
the  type  of  the  con fo rma t iona l  changes  of  the  alkyl  

chains .  A de ta i led  d iscuss ion ,  howeve r ,  does  no t  
seem to be  meaningfu l ,  s ince  f rom the  basa l  
spac ings  a lone  n o  d i s t inc t ion  can  be  m a d e  b e t w e e n  
the  different  models .  
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T h e  c ruc ia l  po in t  of  the  above  in t e rp re t a t i on  is 
the  a b s e n c e  of  r a n d o m n e s s  wi th in  low and  h igh  
t e m p e r a t u r e  range.  On ly  wi th in  t he  t r ans i t ion  
in te rva l  some  r a n d o m n e s s  has  b e e n  obse rved .  
Ca lcu la t ion  of  the  basa l  spacings  dL f rom the  in- 
d iv idua l  o rde r s  l of  the  (00l)- ref lexions  give 
ident ica l  va lues  wi th in  _+ 0.1 fit at  spac ings  up  to 
a b o u t  40 fit and  wi th in  _+ 0.3 fit at  spac ings  a b o v e  
50& 
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R6sum~ - L e s  espacements basaux des complexes form6s entre des n-alcanols et la nontronite satur6e 
par Li +, K , Mg 2+, Ca 2+, Sr 2+ et Ba + ont 6t6 mesur6s aux temp6ratures allant de - 7 0 ~  ~ 130~ 
Lorsque la temp6rature s'61~ve, les complexes subissent un r6arrangement d'une forme basse tem- 
p6rature 5- une forme haute temp6rature. 

Dans la forme basse temp6rature les chalnes alkyle des mol6cules d'alcanol forment des couches 
doubles darts lesquelles les axes des chalnes sont perpendiculaires aux feuillets du silicate. II peut 
arriver que les chalnes n'adoptent pas dans tousles cas la conformation plane "all trans", mais qu'elles 
aient des conformations sp6ciales ("kinks"). 

Le passage de la forme basse temp6rature ~t la forme haute temp6rature est expliqu6 par une 
transition coop6rative d'une forme ~t nombre reduit de "jogs" vers une forme ~ hombre 61ev6 de "jogs" 
und "kinks". 

Kurzreferat--Die Basisebenenabstiinde von langkettigen n-Alkanolkomplexen mit Li § K § Mg +§ 
Ca ++-, Sr ++- und Ba++-gesiittigtem Nontronit wurden im Temperaturbereich yon --70~ bis 130~ 
gemessen. Mit ansteigender Temperatur ordnen sich die Komplexe yon einer Tieftemperaturform in 
eine Hochtemperaturform urn. 

In der Tieftemperaturform bilden die Alkylketten der Alkanolmolekiile bimolekulare Schichten 
mit senkrecht zu den Silikatschichten angeordneten Kettenachsen. Die Ketten brauchen nicht in 
allen F~llen in der ebenen all-trans Konformation vorzuliegen, sie ktinnen auch in speziellen Kin- 
kenkonformationen auftreten. 

Der Ubergang in die Hochtemperaturform wird als eine kooperative Umwandlung yon einem 
Zustand mit einer geringen Zahl yon "Jogs" in einen solchen mit einer grogen Zahl yon "Jogs" and 
"Kinken" gedeutet. 

Pe31oMe - -  Ha6mo~ana/~3MeHeHrIfl 6a3ncnblx napaMeTpoB ~JmHnofi uenri KOMHIIeKCOB n-aJiKaHona 
HOHTpOHHTa, HaCbllJ.leHitOFO Li +, K +, Mg 2+, Ca 2+, Sr 2+ n Ba 2+, nprl IiOBbli//eHnn TeMnepaTypbi 
OT --70~ ~o 130~ C nOBblI//eH!4eM TeMnepaTypbI KOMnJIeKCbl neperpynnnpoBbmaroTcn ri3 arI3KO- 
TeMrlepaxypHo~I ~OpMbl B Bb~COKOTeMuepaTypRytO. 

FIprI nI43KOTeMrlepaTypHo~I qbopMe aJIKVI~IOBble uenn MoYIeKy~I a~tKanoTIa qbopMytOT 6Haapnble 
CJIOrI nprI ReM OCH I, IX IIene~ Haxo~lTCfl laepneH~mfy27flpHo K CY[O.qM cnJmKaTa. He Bo Bcex cnyqaax 
LlenH opHeHTHpOBaHM B nylaHapHo~[ IIeYlbHO~I TpaHCKOHqbOpMaLIHg~ HHOF~a OHH opneHTIelpOBaHl:,I B 
OCO6BIX <(UeTJIeBMX>> KOHqbOpMaI/H.qX. 

Ylepexo~ B BblCOKOTeMnepaTypnylo dpOpMy O6~CH~eTCa O67~e~ll~HertHblM nepexo)~oM rt3 qbOpMbI 
C MaYIBIM RHCJ'IOM <<cnyneneK>> B d3opMy C 6oYtbltlnM qHC~OM <<CTylIeneK>> ~I <<Ilexe.III~>>. 
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