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The nature of the adsorption complex formed between dibenzotropone (OBT) and 
montmorillonite at elevated temperatures is strongly dependent on the interlayer cations. 
This was shown by electronic and IR spectra, by X-ray diffraction, and by study of the 
effects of gradual heating of the samples on these analyses. All samples exhibited significant 
red shifts of the electronic spectra of DBT into the visible range. These red shifts are 
attributed to two factors, both contributing to the enhancement of the tropylium planar 
character of DBT: hydrogen-bonding of acidic interlayer water to the carbonyl group, 
imparting positive charge to the tropone ring; and ~r interactions between the aromatic 
moiety and the oxygen planes. The position of the maximum was temperature-dependent 
for Cu-, Ni-, AI- and Fe-montmorillonites, for which heating (100 ~ under vacuum increased 
the red shift. The organic molecule assumes a planar conformation and is oriented parallel 
to the clay layers. IR spectra confirming this conformational orientation of DBT are 
discussed. 

The basal spacings of the DBT montmorillonite associations depend on the number of 
water and DBT sheets present in the interlayers. Layers with one or two sheets of DBT and 
with up to two sheets of water could be distinguished, leading to a maximum spacing 
of 20.4 ~. 

Adsorbent-adsorbate interactions induce spectral changes as compared to solution 

measurements [1, 2]. These spectral changes, which may include shifts in adsorption 

bands, changes in ext inct ion coefficients, changes in band shape and the appearance 
or disappearance of bands, are a direct result of  (a) the non-symmetry of the adsorbate 

environment as compared to a symmetrical solvation shell, resulting in adsorbate 

conformational changes and (b) chemical and physical irregularities and inhomo- 
geneities of the surface, giving rise to special adsorbate-surroundings interactions not 

usually found in solution [3]. 
Adsorpt ion of organic cationic dyes by montmor i l lon i te  generally causes distinct 

shifts of the absorption maxima in the visible spectrum (metachromasy). Bergmann 
and O'Konski [4] attr ibuted such shifts to dye-dye interactions on the surface of 
montmor i l lon i te,  a reaction similar to the aggregation of dye molecules in aqueous 
solutions. In these dye clusters ~ interactions between parallel aromatic moieties 
result in shifts in the electronic spectrum. Yariv and Lurie [5] showed, however, that 
spectra! shifts also occur wi th  dye-montmori l loni te complexes in which only mono- 
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layers of the cationic dye methylene blue were sorbed in montmorillonite interlayers. 
They concluded that the metachromasy is due to ~ interaction between the aromatic 
cations and the electron-rich oxygen planes of montmorillonite. According to Yariv, 
Lahav and Lacher [6], such interactions may increase the stability of the adsorbed 
species. For example, the cationic radical benzidine blue is converted into benzidine 
brown within seconds in aqueous solution, whereas it persists when adsorbed on 
montmorillonite. Short-range interaction between the cationic radical and the oxygen 
plane stabilizes benzidine blue. 

Studies of the mechanism of metachromasy due to adsorption on montmorillonite 
have so far been confined to cationic entities. Preliminary experiments indicated that 
a significant red shift occurs on sorption of the neutral molecule dibenzotropone 
(DBT: 5 H-dibenzo [a, d] cyclohepten-5-one): 

o 

A yellow color is developed when this colorless molecule is adsorbed on clay. It is the 
purpose of the present study to elucidate the nature of the association between 
montmorillonite and this molecule and the effect of thermal treatment on the staining 
of various monoionic montmorillonites. 

Experimental 

Materials 

Montmorillonite from Wyoming (Wards # 25), exchanged with various cations, was 
used for the experiments. DBT, recrystallized from ethanol, was kindly supplied by 
Teva Plantex Pharmaceuticals, Its purity was confirmed by thin-layer chromatography 
and by NMR. CH2CI 2 was redistilled and purified by shaking with concentrated 
sulfuric acid. 

Preparation of  specimens 

Electronic spectra were recorded of clay samples sedimented on qdartz slides from 
0.1-1.0% aqueous suspensions. The slides were immersed in a solution of DBT in 
CH2CI 2 for periods ranging from 24 to 48 hours. They were examined in an air-dried 
state and subsequently after heating under vacuum for 60 minutes at 100 ~ . To prevent 
dehydration, the samples were coated with paraffin oil. Preliminary experiments 
indicated that the presence of the paraffin fi lm did not affect the spectrum. Finally 
the paraffin was dissolved in CH2CI 2 and the sample was reexamined after exposure 
to air humidity. 
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Infrared spectra were obtained from self-supporting films prepared by sedimenta- 
tion from 1% aqueous suspension. The films were immersed in 5% solutions of DBT 
in CH2CI2 for periods ranging from 4 to 19 days (series 1). Samples were examined 
in an air-dried state and subsequently heated in a vacuum cell. Spectra were recorded 
at room temperature, 80 ~ , 140 ~ and 200 ~ , and after cooling under vacuum. The film 
was then withdrawn from the vacuum cell, exposed to air humidity for 24 hours and 
reexamined. 

X-ray diffraction patterns were recorded of the same self-supporting films used for 
IR spectroscopy (series 1). The films were mounted on glass slides with seltotape. 
In addition, another series of samples was prepared (series 2) by sedimenting clay 
samples directly onto glass slides. These were alternately wetted with DBT solution 
and air-dried throughout a period of about 3 weeks. 

Electronic spectra were recorded on a Varian Techtron model 635 spectrograph, 
1R spectra on a Perkin-.EImer 457 IR spectrometer and X-ray diffraction patterns 
on a Philips PW 1730 diffractometer. 

Results and interpretation 

Electronic and infrared spectra and X-ray diffraction patterns were studied. The 
results will be reported in separate sections, but interpretation was sometimes im- 
possible without having recourse to the conclusions reached via one of the other 
methods. 

Electronic spectra 

All the spectra show a slight increase in turbidance in the 450-650 nm range due 
to light scattered by the solid phase. The ratio dA/dX (whereA is the absorbance and 

is the wavelength) is almost constant. Below this range electronic absorption gives 
rise to an absorption band at 313-316 nm for both adsorbed and non-adsorbed 
molecules. The electronic spectra of adsorbed DBT, however, do differ from the 
non-adsorbed species by showing an additional absorption with a maximum at 
378-386 nm. This absorption imparts a yellow color to the organo-clay association. 
Non-adsorbed molecules are colorless. At room temperature the spectrum of DBT- 
treated Fe-montmorillonite differs from those of the other samples examined. 

The spectra recorded after heating to 100 ~ under vacuum can be divided into two 
groups. The first, the spectra of Cs-, Na- and Mg-montmorillonites, hardly differ from 
those of the unheated samples. The positions of the maxima remained essentially 
unchanged, but the wavelength at which the value of dA/dX begins to increase, i.e. 
the commencement of the electronic absorption band, was shifted from about 435 to 
460 nm. This resulted in a slight intensification of the yellow color. In contrast, the 
spectra of DBT-treated Fe-, AI-, Ni- and Cu-montmorillonites showed appreciable 
changes after heating. The electronic absorption band commenced at about 530 nm, 
leading to a strong intensification of the color. With AI- and Fe-montmorillonites 
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Fig. 1 Electronic spectra of DBT-treated ai Cs-montmoritlonite, b) Ni-montmoril|onite, c) Fe- 
montmorillonite, ~ RT; . . . .  sample heated at 100~ under vacuum, covered with 
paraffin oil and cooled to RT 

the  intensity of the band at about 380 nm decreased and a shoulder appeared at about 

480 nm. With Cu- and Ni -montmor i l lon i tes the max imum of the band was shifted to 

higher values (Table 1 and Figure 1). 

Af ter  removal of  the paraff in coating and rehydrat ion of  the samples in air the 

spectra of  all the  samples were identical w i th  those of the corresponding air-dried 

specimens. A red shift of  the type observed on adsorpt ion, which was intensified on 

Table 1 The effect of thermal treatment on the absorption maximum (in nm) of monoionic 
montmorillonite treated with DBT 

Exchangeable Absorption maximum, nm 

cation Room temperature Heated at 100 ~ 

N a 378 380 
Cs 382 378 
Mg 382 388 
Cu 386 410 
N i 385 420 
AI 385 380, 470 ~ 
Fe 380 380, 480 ~ 

~shoulder 

J. Thermal Anal. 26, 1983 



GRAUER et al.: EFFECT OF TEMPERATURE 53 

heating, may be due to a change in the configuration of the molecule, to interaction 
between the adsorbed molecules and the clay surfaces, or to both these effects. 

On heating above 100 ~ the specimens turned dark due to graphitization of minor 
amounts of organic molecules. It was therefore impossible to record electronic spectra 
of samples heated above 100 ~ 

In f ra red  spectra 

Some features of the spectra of self-supported films of specimens of series 1, 
recorded under ambient conditions, are presented in Table 2. The corresponding 
bands in the spectra of DBT in dilute and concentrated CH2CI 2 solutions and in a KBr 
disk are included for comparison. 

Absorption bands at 3300T3400 cm -1  and 1620-1625 cm-1 in all the spectra in- 
dicate that all the samples contain water. The vibration frequency of the C = O group 
(band A) is reduced from 1640 cm -1  for DBT in dilute solution to 1600-1605 cm -1  
for molecules adsorbed on montmoril lonite. The differences in band A (the C = O ab- 
sorption) between samples saturated with different cations are insignificant, indicating 
that DBT is similarly bonded in all the specimens, probably by H-bridges to water 
molecules. 

Several changes occur in the skeletal vibrations on sorption by montmoril lonite. 
Band B is reduced from 1593 cm-1 in dilute solution to 1575 cm -1  on clay surfaces. 
Band C is absent from the spectrum of DBT in dilute solution but occurs in those of 
DBT in concentrated solution, in KBr disks and in the adsorbed state. Band C, which 
is intense and sharp in the spectrum of DBT in KBr disks, becomes very weak and 
broad on adsorption of DBT on montmoril lonite. Bands E, F and H occur as doublets 
in the spectra of DBT in solution or in KBr disks, but as singlets in those of the ad- 
sorbed species. 

The perturbations of the skeletal vibrations on sorption indicate that some inter- 
action occurs between the skeleton of the organic molecules and the clay surfaces. 
DBT is non-planar in the unconstrained form [7], which causes bands E, F and H to 
appear as doublets. Their conversion to singlets on adsorption of DBT by clays 
suggests that the molecule assumes an approximately planar configuration in the clay 
i nterlayers. 

The spectrum of DBT-Fe-montmorillonite differs from the other samples in several 
respects: 
1) there is a base-line shift towards lower transmittance from 1750 cm-  1 downwards; 
2) band B is very broad and overlaps band C; 
3) the maximum of band B appears at 1560 cm -1  , i.e. at an appreciably lower wave- 

length than with other specimens; 
4) band D shows a tail towards lower wavenumbers; 
5) band E is broad compared with the corresponding band in other spectra. 

These features indicate that at least some of the DBT sorbed by Fe-montmorillonite 
is bonded differently from that in other samples. 
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The spectrum of DBT-treated AI-montmori l lonite has many features in common 
with that of Fe-montmorillonite. Band B has a shoulder at 1560 cm -1  , is very broad 
and shows some overlap with band C. 

Polarized spectra 

When DBT-saturated films of Na-, Cs-, Mg-, Ni-, Cu- and AI-montmoril lonites were 
ti lted by 45 ~ with respect to the IR beam, changes occurred in the relative intensities 
of some skeletal vibrations. The intensity of band E increased considerably relative to 
that of B (Table 3). The magnitude of band A remained approximately unchanged 
relative to that of B, but it is d i f f icul t  to estimate its intensity due to overlap of the 
bending vibrations of water. These features were observed with specimens exposed to 
ambient conditions both before and after heating under vacuum. 

Cs-montmorillonite saturated with DBT gave rise to a 12.4 ~ spacing (Table 4), 
corresponding to a monolayer of organic material arranged with the aromatic rings 
approximately parallel to the clay surfaces. It follows that band B is an in-plane and 
E an out-of-plane vibration. The similarity of the polarized spectra demonstrates that 
most or all of the organic molecules in the other specimens with larger basal spacings 
also assume an orientation parallel to the clay surfaces. Since the intensity of band A 
relative to that of B was fairly independent of the angle of incidence of the beam, the 
C = O group must also be oriented approximately parallel to the clay sheets. 

The spectra of DBT-treated Fe-montmorillonite did not show any significant 
changes with orientation of the films relative to the incident beam. It appears that 
when Fe is present in the interlayers, DBT assumes different orientations. The 
polarized spectra alone cannot provide any information beyond the fact that an 
arrangement of the organic molecules parallel to the clay surfaces cannot predominate. 

Table3 Ratios of intensities of band E (I E) and band B (IB) in IR spectra of DBT heated 
montmorillonites recorded with the beam perpendicular (I) and parallel (11) to the 
clay sheets 

Exchangeable IE/ I  B IE/I  8 % 
cation (I) (I I) 

Na 0.54 0.64 19 
Cs 0.45 0.56 24 
Mg 0.70 0.83 19 
Cu 0.74 0.86 16 
N i 0.68 0.85 25 
A I 0.86 0.93 8 
Fe - - -- 

~% increase of I E relative to I B resulting from tilt of specimen 

J. Thermal Anal. 26, 1983 
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They are compatible with an arrangement 
a) with part of the DBT molecules oriented with their aromatic rings parallel to the 

clay surfaces, while others assume an approximately perpendicular orientation, and 
b) with the organic molecules tilted at a definite angle or randomly to the clay sur- 

faces. 

In view of the similarity of the basal spacings of DBT-saturated Fe-montmorillonite 
to those of other samples, the first alternative seems more probable. 

Changes in the IR spectra on heating 

With all the samples studied the intensities of the bands at about 3400 cm -1  
and 1620-1625 cm -1 decreased simultaneously and progressively on heating, but 
weaker bands persisted throughout. This supports the assignment of the band at 
1620-1625 cm -1 to deformation vibrations of hydrogen-bonded water and dem- 
onstrates that the presence of some water is essential for the organo-clay complex. 

The position of band A was shifted on heating, from 1600-1606 cm-1 to 1595- 
1598 cm-1,  except with Fe-montmorillonite, where it appeared at 1592'cm-1. This 
small shift, which is practically independent of the interlayer cations, together with 
the fact that some water molecules are retained throughout the entire thermal treat- 
ment, indicates that the C = O groups of DBT remain coordinated to water molecules 
even at 200 ~ under vacuum. The small shift in the absorption bands may be due to the 
increased acidity of the remaining water molecules. 

Band B became broad and was shifted to lower wavenumbers. This may reflect 
an increase in ~ interaction between the aromatic moiety and the clay surfaces. 
The extent of the broadening and the temperature at which it occurred depend on 
the interlayer cations. In most spectra it led to overlap with band C, resulting in a 
shift of the base-line of band C towards lower transmittance (Figs 2-5) .  With some 
specimens the intensities of bands E and H were enhanced on heating. 

With DBT-Na-montmorillonite these spectral changes were observed at 140 ~ but 
became more pronounced at 200 ~ With DBT-Mg-montmorillonite they occurred 
already at 80 ~ , but were small and remained small even at higher temperatures. With 
Ni-montmorillonite they were appreciable at 80 ~ and increased further on heating 
(Fig. 2). 

DBT-Cu-montmorillonite showed drastic changes at 80 ~ Band B was very broad 
and the base-line of band C was shifted strongly towards lower transmittance. The 
maxima of bands C and D were displaced to lower values. At 140 ~ these changes were 
still evident, though to a lesser extent. They disappeared when the f i lm was heated at 
200 ~ (Fig. 3). These features may indicate that ~ interaction between interlayer Cu 
ions and DBT occurs in clay interlayers on heating, but that the complex is destroyed 
at more elevated temperatures. 

With DBT-treated Fe-montmorillonite band B, which was broad in the room- 
temperature spectrum, was broadened further on heating. The intensities of bands D 
and H were greatly increased relative to those of other bands. The tail of band D 

J. Thermal Anal. 26, 1983 
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Fig. 2 Infra-red spectra of DBT-trated a) Na-montmorillonite, RT; b) Na-montmorillonite, 200~ 
vacuum; c} Ni-montmorillonite, RT; d) Ni-montmorillonite, 200~ vacuum 

Fig. 3 Infra-red spectra of DBT-Cu-montmorillonite a) RT; b) 80~ vacuum; c) 140~ vacuum; 
d) 200~ vacuum 

towards lower wavenumbers became very pronounced. Band E was broadened 
and shifted to higher wavenumbers (Fig. 4). The spectra of heated samples of 
AI-montmorillonite became progressively more similar to those of the corresponding 
Fe-exchanged samples. 

The principal change observed in the spectra of DBT-Cs-montmorillonite on heating 
at 80 ~ is the attenuation of the deformation and stretching bands of water at 
1620-1625  and 3400 cm - 1 ,  respectively. At higher temperatures a new peak de- 
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Fig. 4 infra-red spectra of DBT-Fe-montmorilionite a) RT; b) 80~ vacuum; c) 140~ vacuum; 
d) 200~ vacuum 

Fig. 5 Infra-red spectra of DBT-Cs-montmorillonite a) RT; b) 80~ vacuum; c) 140~ vacuum; 
200~ vacuum 

veloped, at 1628 cm - 1 ,  while band A decreased in intensity and was shifted from 
1607 to 1597 cm - 1 .  Simultaneously, band B was displaced to 1585 cm - 1  and two 

weak bands appeared at 1564 and 1548 cm - 1  (Fig. 5). It seems reasonable to assign 

the band at 1628 cm-1  to absorption of C = O groups not coordinated to water 

molecules, and the band at 1585 cm - 1  to skeletal vibrations of molecules which do 

not form ~ interactions wi th the oxygen sheets of interlayer cations or hydroxides. 
The bands at 1597, 1564 and 1548 c m -  1 (Fig. 5), on the other hand, may be assigned 

to C = O and skeletal vibrations of molecules which are hydrogen-bonded wi th water 

molecules and participate in ~ interaction wi th the oxygen planes of the clay. The 
spectrum of the sample cooled under vacuum was identical wi th  that recorded at 
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200 ~ , confirming that the spectral features discussed depend not on the temperature, 
but on the amount of water present in the interlayers. 

After cooling and exposure of the specimens to ambient conditions, DBT-treated 
Mg-, Cu- and Ni-montmorillonites gave rise to spectra that were identical with those 
recorded before heating. The intensities of the spectra of DBT-treated Cs- and Na- 
montmorillonites indicated that some of the organic material was lost on heating, 
but the spectra were otherwise unchanged. The spectra of DBT-treated AI- and Fe- 
montmorillonites were identical at this stage, but slight differences were observed 
between the spectra of DBT-Fe-montmorillonite before and after the thermal treat- 
ment. Bands D and E were sharper and the base-line shift below 1600 cm-1 was 
smaller than that observed during the first stage. Band B was narrower than in the 
original spectrum and there was less overlap with band C. 

It appears that the main change that occurs on heating all the specimens is loss of 
water, though bridging water molecules persist throughout. Only with Cs- and Na- 
montmorillonites was some DBT lost on heating. With Fe-montmorillonite some DBT 
is differently bonded from that in other specimens and this difference persists on 
heating, though redistribution of the differently arranged molecules appears to occur. 
Changes that take place in the AI clay on heating lead to similar DBT associations. 
This suggests that these are associations formed by ~ interaction of the organic mole- 
cules w i th  Fe- or AI-hydroxides, which, at least in part, are originally present in 
Fe-montmorillonite, but in AI-montmorillonite are formed on heating, which causes 
hydrolysis of interlayer AI. These associations are expected to be sensitive to the 
temperature and degree of rehydration of the specimens, as was indeed observed. 

X-ray di f f ract ion 

Table 4 shows the basal spacings of the specimens after various treatments. When 
the reflections are non-integral, the first four are listed. 

It is evident that the interlayer spacing depends on the exchangeable cation. Inter- 
pretation of the X-ray data on the basis of the powder patterns alone is diff icult and 
other information must be taken into consideration. Infrared spectra indicated that 
a) the organic molecules are oriented either parallel to or at a small angle to the 

clay surfaces, and 
b) the C = O groups are bound to water molecules and are also approximately parallel 

to the clay surfaces. 
Bearing these considerations in mind, arrangements A, B and C can be envisaged, 

giving rise to repeat distances of approximately 20, 17.5 and 12.5 ~, respectively 
(Fig. 6). Basal spacings in the t7 .7 - t9 .2  ~ region with non-integral higher orders 
can be attributed to random interstratification of 17.5 and 20 ~ layers. However, 
this cannot explain the additional strong or moderate, generally broad reflection 
observed in the 10-11 ~ region with some of the specimens. This reflection may 
arise from a combination of do02 = 10 ~ and d001 = 12.5 ~. The specimen must 
then be regarded as being composed of interstratified layers of types A, B and C. 
The presence of some non-expanded layers (d ~ 9.6 ~ ) cannot be excluded. 
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DBT-Cs-montmorillonite heated under vacuum and exposed to air gave rise to a 
strong reflection at 11.7-11.9 )~, but no reflections at lower angles. The reflection at 

11.8 ~ is probably due to interstratification of 12.4 ~ and non-expanded layers, in 
agreement with the conclusion drawn from the I R spectra that some DBT is lost on 
heating. 

The samples listed in Table 4 can be divided into four groups according to their 
sorption of DBT: 

a) AI-and Fe-montmorillonites: These gave rise to integral series of reflections 
corresponding to d ~  20 ~ i.e. to type A complexes, under all the experimental con- 
ditions studied. No changes in the X-ray patterns occurred when the specimens were 
left to stand in air for three weeks. 

b) Mg-, Cu- and Ni-montmorillonites: Type A complexes were formed after heating 
under vacuum and exposure to air and with Ni-montmorillonite also after prolonged 
exposure to DBT solution (series 1). Interstratification of complexes of types A, B 
and C was observed with the other samples. Cu-montmorillonite exhibited a tendency 
to develop non-interstratified regions of type C, in accordance with the preference of 
Cu for planar coordination. 

c) Na-montmorillonite: Sorption of DBT by this sample depends on the experi- 
mental conditions. After prolonged immersion interstratification of A, B and C com- 
plexes was obtained (series 1). The clay retained most of the DBT on heating and the 
contribution of type A to the mixed layer arrangement was increased relative to the 
air-dried specimen. After intermittent exposure and drying (series 2), only type C 
was obtained. 

d) Cs-montmorillonite gave rise to a type C complex on exposure to DBT. After 
heating in vacuum and exposure to air, layers of type C were interstratified with non- 
expanded layers. 

The arrangement of DBT in montmoritlonite interlayers is thus directly dependent 
on the polarizing ability of the exchangeable cations. With strongly polarizing cations 
arrangement A occurs, with two sheets of water and two sheets of DBT. With de- 
creasing polarizing power there is an increasing tendency to develop arrangements 
of type B with two sheets of water and one of DBT, and of type C with DBT and 
water molecules in the same sheet only. Thermal treatment promoted the formation 
of type A layers. With cations of still lower polarizing ability the tendency to sorb 
and retain DBT is reduced and the layers tend to collapse. With Cs-montmorillonite 
expansion beyond a single interlayer sheet of DBT and water was not observed. 

Discussion 

Synthesis of the results obtained by the various methods of investigation led to 
the following concepts: 

The IR spectra indicate that DBT is sorbed by hydrogen-bonding of the C = 0 
groups to interlayer water molecules. This imparts an effective positive charge 
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to the organic molecules. The IR spectra also show that the molecules assume an 
approximately planar configuration. . The 12.4 /~ basal spacing of DBT-treated 
Cs-montmorillonite necessitates an arrangement of the organic molecules parallel to 
and adjacent to the clay surfaces. A bathochromic effect, manifested by the yellow 
coloration of the specimens and by shifts in the absorption maxima of the visible 
spectra, indicates that charge transfer occurs. This is confirmed by the perturbation 
of the skeletal vibrations observed in the IR spectra. The similarity of the visible and 
polarized IR spectra of DBT-Cs-montmorillonite to those of the other samples in- 
dicates that the organic molecules are similarly oriented in all the samples despite 
the larger basal spacings. Associations of types A and B (Fig. 6) were postulated in 
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Fig. 6 Schematic sketch of configurations A (= 20/~), B (~- 17.5 ~,) and C (~ 12.5 ~) 

accordance with the observed basal spacings. The more polarizing the interlayer 
cations, the greater the tendency to form associations of type A. 

The effects observed on heating the specimens are consistent with these concepts. 
The basal spacings of the specimens either remained unchanged or were increased after 
heating, confirming that the 20 A basal spacing is due to a rigid arrangement of mole- 
cules in the interlayers and not merely to sheets of water and DBT molecules. If only 
sheets of more or less loosely bound molecules were present, heating up to 200 ~ 
under vacuum would be expected to drive off some of the interlayer material, leading 
to smaller basal spacings. In fact, the IR spectra show that loss of water occurs, but 
that only Cs- and to a lesser extent Na-montmorillonite lose DBT on heating. Some 
water is retained throughout; since the residual water molecules are more acidic, they 
are expected to form stronger H-bonds. Associations of type A therefore tend to 
develop, These are stable and persist on rehydration of the specimens. 

The spectra of DBT-Fe-montmorillonite differ from the rest. DBT-AI-montmoril- 
Ionite resembles the corresponding Fe-exchanged samples after heating in vacuum. 
On the basis of  the similarities of these specimens to other samples on the one hand 
and the differences, in particular the lack of polarization of the IR spectra, on the 
other, it was inferred that although the 20 ~ basal spacing is determined by type A 
assemblages, some DBT molecules assume other orientations in the clay interlayers. 
This may be due to electron transfer interactions between H-bonded DBT and inter- 
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layer iron or a luminium hydroxides. It appears that heating DBT-AI-montmor i l lon i te 

causes hydrolysis which renders such interactions possible. With Cu-montmori l loni te 
complexes between DBT and interlayer Cu 2+ ions may be formed on heating, 

but these are destroyed at higher temperatures. 
To summarize, DBT exhibits a strong tendency to ~ bonding wi th the oxygen 

surfaces. Unconstrained DBT molecules are non-planar. The seven-membered ring is 

in the boat form and the two benzene rings are inclined at 39 ~ to each other [7]. 

I t  appears that H-bonding wi th water molecules imparts a positive charge to the 

organic molecules and enhances the aromatic t ropy l ium character of the central 

t ropone ring. ~ interaction wi th the oxygen surfaces (and possibly also wi th interlayer 

iron or aluminium hydroxides and wi th Cu 2+ ions) stabilizes the planar configuration. 

These interactions and the concomitant intensif ication of the color of the specimens 
are enhanced by heating, due to the high acidity of the remaining water molecules, 

which confer a greater effective positive charge on the aromatic moiety. 

It is significant that DBT-Cs-montmori l lonite, which loses most of its interlayer 
water on heating up to 200 ~ differs from the other samples. Only part of the DBT 

molecules are hydrogen-bonded after heating at 200 ~ and give rise to ~T interactions. 
Accordingly, addit ional bands corresponding to skeletal vibrations, unperturbed by 
bonding, appear in the IR spectra. The DBT molecules are less f i rmly  retained, as 

shown by the ~ower intensity of the IR spectra and the basal spacing of 11.9 ~,, 

which indicates that some interlayers have entirely collapsed. These observations 

provide addit ional conf i rmat ion of the crucial role of water: on ly  those DBT mole- 

cules that are hydrogen-bonded to water can undergo ~ interactions wi th the oxygen 

surfaces. 

D. A. thanks the Bergmann Foundation for partial support of this study. 
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Zusammenfassung -- Die Natur der von Dibenzotropen (DBT) und Montmorillonit bei erh6hter 
Temperatur gebildeten Adsorptionskomplexe ist stark vom Zwischengitterkation abh~ngig. Dies 
konnte anhand yon Elektronen-und IR-Spektren sowie r6ntgendiffraktometrischen Untersuchun- 
gen der insbesondere stufenweise erhitzten Adsorptionskomplexe gezeigt werden. Bei allen Proben 
wird eine signifikante Rotverschiebung der Elektronenspektren des DBT in den sichtbaren Bereich 
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beobachtet. Diese Rotverchiebungen werden zwei Faktoren zugeschrieben, die beide zur Ver- 
st~rkung des planaren Tropylium-Charakters von DBT beitragen: Wasserstoffbr~ckenbindung mit 
positiver Ladungsverschiebung zum Troponring und ~-Wechselwirkungen zwischen der aroma- 
tischen H~lfte und den Sauerstoffebenen. Bei Cu-, Ni-, AI- und Fe;Montmori l loni t  ist die Lage des 
Maximums abhw von der Temperatur, wobei Erhitzen (100 ~ im Vakuum die Rotverschiebung 
verst~rkt. Das organische Molek~il nimmt eine planare Konformation an und ist parallel zu den 
Schichten orientiert. I R-Spektren, die diese konformationel le Orientierung des DBT best~tigen, 
werden diskutiert. Die basalen Schichtgitterabst~nde der DBT-Montmori l loni te h~ngen v o n d e r  
Zahl der Wasser- und DBT-Lagen im Zwischengitterraum ab. Schichten mit einer oder zwei Lagen 
von DBT und mit bis zu zwei Wasserlagen konnten unterschieden werden, wobei der maximale 
Schichtgitterabstand 20.4 ~ betrug. 

Pe31oMe - rlpHpo~a aAcop6LtHOHHOFO KOMnneKca, o6pa3y~ou4erocR npH nOBblLUeHHblx TeMnepa- 
Typax Me)KAy AH6eH3TpOnOHOM (~],I~T) H MOHTMOpl4~InOHHTOM, CHnbHO 3aBHCHT OT Me)KcRoeBblX 
KaTHOHOB. ~TO 6hi.rio noKa3aHo 3NeKTpOHHblMH H I/tK-cneKTpaMH, peHTFeHO-AHdDI~paKI~HOHHblM 
aHanH3OM, a TaK)Ke npl4 H3y4eHHH 3(t)~eKTOB, yCTaHOBTleHHblMH 3THMH MeTOAaMH npH nocTerleH- 
HOM HarpeBe o6pa3LLOB. ~],nR Bcex o6pa3LtOB Ha6JlK)AaeTCR KpaCHbl~ CABHI" noNoc rlOF/1OUJ.eHHR 
~ST B BHD, HMylO o6naCTb. ~TH KpaCHble CABHFH npHrIHCaHbl /~ByM 0~aKTOpaM, o6yc]IoBneHHblMH 
yBenH4eHHeM ngaHapHOCTH TponHnH~-KaTHOHa B /],ST: o6pa3OBaHHe BoAopo/~HOH CBR3H 
Me)KcNoeBo~ BO/~O~ KHCnOTHOFO xapaKTepa c Kap6oHH/lbHO~ I'pynnol~, qTO npHBOAHT K nepeHocy 
noJ10)KHTenbHOl'O 3apRAa Ha KOTIbLLO TporloHa H ~T-B3aHMoAe~CTBVleM Me)KAy apoMaTH~lecKovl 
COCTaB~IRIOUJ, eI~ H KHCnOpO/~,HblMH IlfIOCKOCTRMH. nono)KeHHe MaKCHMVMa I'IOI'TIOUJ, eHHR A.rlR 
MOHTMOpHTIflOHHTOB MeAH, HHKenR, aJ'IIOMHHHR H )Kene3a 3aBHCHT OT TeMnepaTypl~l H ATIR KO- 
TOpblx HarpeBaHHe (100 ~ noA BaKyVMOM yBenHBaeT KpaCHbll~l CABHr. I-IpeAnonar'aeTCR, qTO 
opFaHHqeCKaR COCTaB.qRIOU~aR RBflReTCR nnaHapHo~ KOH~0OpMaLLHeI~ H opHeHTHpOBaHa napan- 
neJ'lbHO CflORM MHHepana. O6cy)KAeHbl VIK-cneKTpbl, nOATBepH(AalOU~He TaKytO KOHC~OpMa- 
I~HOHHylO opHeHTaU, HIO ~],E~T. OCHOBHble paCCTORHHR B aCCOL~HaTax ~E;T - MOHTMOpHJlTIOHHT 
3aBHCRT OT 4Hcrle MoneKyn BOAbl H JlHCTaMH ~,6T, pacno]IO)KeHHblMH Me)K/~y CflORMH. CJ1OH C 
OAHHM H AByMR AHCTaMH ~]fE~T H C ~HCTaMH BOAbl /3,0 ~,BVX, MOFVT 6blTb pa3AeJleHbl, AaBaR 
MaKCHMarlbHOe paCCTORHHe B 20,4 ~. 
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