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Arsrnlcr
Organo-montmorillonites prepared by reacting amine salt ions and quaternary ions
with sodium montmorillonite have been studied by the heating-oscillating r-ray difiraction
technique. Correlation of the heating-oscillating *-ray diffraction data with thermogravimetric data shows that these organo-clays undergo a reorientation of the organic portion
and then slowly decompose with increasing temperature. Fourier analysis indicates that
the rearrangement is a shift from two peaks in the interlayer area to a single peak which
results from a rotation of the aromatic portion of the organic ion from a vertical to a paralIel orientation on the clay surface. The r-ray data combined with gas chromatographic
analyses of the decomposition products indicates that a catalytic decomposition followed
by a thermal desorption of the products is a possible explanation. Further, the apparent
enhanced attraction of the organic material for the clay surface is postulated to be a result
of strong attractive forces directed toward the active catalytic sites.

INtnooucrtoN
The study of organo-montmorilloniteshas been of interest in recent
years. Much of the work has been directed toward determining the type
and extent of any bonding between the hydrocarbon proton of the exchanged or adsorbed organic material and the oxygen surfaces of the
clay. Bradley (1945)and MacEwan (1948)have proposedan augmented
C-H-O interaction between the two. From entirely difierent experimental approaches, McAtee and Concilio (1959) and Hoffmann and
Brindley (1960)have indicated support for this interaction. McAtee suggested the attraction from the results of a thermal decomposition of an
organo-bentonite and Hoffmann and Brindley observed the same efiects
from sorption work using polar organic molecules.
Studies on several of these organo-clays using the heating-oscillating
x-ray diffraction technique leads to a degree of insight into the problem.
In this technique,developedby Weiss and Rowland (1955), the temperature of the sample is increasedslowly while continuously oscillating the
*-ray goniometer over the peak to be followed. Any transformations that
occur, or any reaction or decomposition of the organo-clay can be related
to the configuration of the organic portion between the layers, and the
position of the organic ion should be related to the kind of bonding involved and to the strength of such bonds.
ExpnnrlrprvrAr. PRoCEDURE
A homoionic sodium montmorillonite with a cation exchangecapacity
of about 95 meq/100 g of clay was prepared by passinga one per cent dis247
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persion of centrifuged Wyoming bentonite, obtained from the Baroid
Division of the National Lead Company, Houston, Texas, through an
ion exchangecolumn at 70" C. packed with Dowex-50 cation exchange
resin in the sodium form. The organo-clays were prepared according to
the procedureof McAtee (1958).
The r-ray analysis consisted of a heating-oscillating pattern run from
30o C. to about 350' C. dependingon the decompositiontemperature of
the particular organo-clay. These were supplemented by one dimensional
Fourier analysescalculated from r-rav data taken at 30o C. and at higher
temperatures whenever possible.r Thermogravimetric determinations
were run to differentiate between an internal rearrangement of the
organic ion between the clay surfacesand an actual decomposition as indicated by a change in the basal spacing or difiraction intensity or both.
A sample of approximately 100 mg was heated from 30" to 300" C., and
any changein weight was recorded on an automatic recording balance.
A check on the decomposition products was made using gas chromatography. For these determinations a sample was slowly decomposedand
the products were collected in diisopropyl ether. This solution was then
run on a Beckman Model GC-2 gas chromatograph at 1X attenuation
and a column temperature of 70 or 100o C.
Dara aNo Rpsur,rs
Samplesinvestigated were a seriesof amine salt derivatives containing
in common the benzyl group. These ranged from benzyl-ammonium
montmorillonite to trimethylbenzylammonium montmorillonite. Bphenylethylammoni'um montmorillonite shows the efiect of removing the
phenyl group one carbon farther from the nitrogen atom and diben
zylammonium montmorillonite illustrates the effect of two benzyl groups
on the same nitrogen atom. Dicyclohexylammonium montmorillonite
representsa saturated cyclic organo-clay.
A seriesof four samples were prepared for each organic ion by adding
85, 100, 120, and 200 meq of organic cation per 100 g of the sodium
montmorillonite. Table 1 illustrates the actual amount of organic cation
exchangedonto the clay calculated from loss on ignition data.
From data obtained by the heating-oscillating patterns and from one
1 Fourier curves r /ere calculated from *-ray data consisting of at least fi.ve or more
orders of the basal spacing. Some of the curves obtained from the x-ray data at high temperatures where the number of basal lines was small cannot be expected to show any
detail with regard to the Fourier analyses. However, several specimens of each sample were
*-rayed and Fourier curves calculated and compared. Because all of the curves for a given
organo-clay resulted in similar curves with respect to the number of peaks in the interlayer
region, it is believed that the interpretation is sound.
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1 9.5: (001) pyrophyllite spacing.
2 Widths and areas of the organic cations were calculated using van der Waals radii
and molecular configurations obtained from Pauling (1948).
v:vertical
to the clay surface.
p:parallel to the clay surface.
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dimensional Fourier analysesof the r-ray data, these organo-montmorillonites can be grouped into three types.
Type 1 Benzylammonium montmorillonite
Methylbenzylammonium montmorillonite
Dimethylbenzylammonium
montmorillonite
B-phenylethylammonium montmorillonite
Type 2 Trimethylbenzylammonium
montmorillonite
Dibenzylammonium montmorillonite
Type 3 Dicyclohexylammonium montmorillonite

First order basal spacingsin degrees2d plotted against temperature for
all samples containing their greatest amount of organic cation are given
in Fig. 1. The first four curves of Fig. 1 are for Type 1 organo-montmorillonites listed above. The basal spacingfor these clays remains constant at
a value of about 6"20 or I4.7 A to a temperatureof about 75oC. and then
gradually decreases(29 value increases)to a value of 13.6 A at a temperatureof 250'C.
Type 2 organo-clays, curves 5 and 6 of Fig. 1, showed no change in
basal spacingQ4.7 A) until a temperatureof approximately 275oC. was
reached. This temperature approached the pyrolysis temperature of the
organic material.
Curve 7 of Fig. 1 is for dicyclohexylammonium montmorillonite, Type
3 above.The basalspacingchangesfrom about 14.5A to 13.9A at a temperature of about 100' C. then remainsconstant at this spacingto a temperatureol 275" C. whereuponit decreases
rapidly.
One dimensional Fourier analysesof the basal reflections of all samples
were calculated from r-ray data taken at 30' C. Fourier curves for samples containingtheir greatestamount of organic cation are shown in Fig.
2. All of the curves with the exceptionof 3 and 7 show two peaksin the
interlayer region. Curve 3, the Fourier curve for dimethylbenzyla"mmonium montmorillonite, shows only a slight indication of two peaks.
Some of the other samples of this organo-clay containing difierent
amounts of the organic cation showed the two peaks more pronounced.
I'ype 3 organo-clay, dicyclohexylammonium montmorillonite, showed
only one Fourier peak in the interlayer region for all samplesinvestigated
at 30o C. This is shown in curve 7 of Fig. 2.
Fourier analysesof Type 1 organo-montmorillonitesat temperatures
of 130oC. (illustrated by curve 1 of Fig. 3) indicated that the two Fourier
peaksobtained at 30o C. have changedto a singlepeak at the higher temperature. The temperature of 130' C. is slightly above the point where
the basal spacingof theseorgano-clavsstarts to decrease.Type 2 organomontmorillonites(illustrated by curve 2, Fig. 3), on the other hand, continue to show two Fourier peaks in the interlayer region to temperatures
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Frc. 1. Change in droor)spacing in degrees 20 and relative intensity of (001) peaks of
organo-montmorillonites with increasing temperature (2.5" C./min). Each curve is a
schematic representation of the heating-oscillating *-ray diffraction pattern.
1. Benzylammonium montmorillonite, 90 meq/100 g
2. Methylbenzylammonium montmorillonite, 113 meq/100 g
3. Dimethylbenzylammonium montmorillonite, 117 meq/100 g
4. p-phenylethylammonium montmorillonite, 99 meq,/100 g
5. Trimethylbenzylammonium montmorillonite, 103 meq/100 g
6. Dibenzylammonium montmorillonite, 99 meq/100 g
7. Dicyclohexylammonium montmorillonite, 97 meq/100 g
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Fro. 2. Fourier curves for organo-montmorillonites calculated from r-ray difiraction
data obtained at 30o C.
1. Benzylammonium montmorillonite, 90 meq/100 g
2. Methylbenzylammonium montmorillonite, 113 meq/100 g
3. Dimethylbenzylammonium montmorillonite, 117 meq/ 100 g
4. p-phenylethylammonium montmorillonite, 99 meq/100 g
5. Trimethylbenzylammonium montmorillonite, 103 meq/ 100 g
6. Dibenzylammonium montmorillonite, 99 meq/100 g
7. Dicyclohexylammonium montmorillonite, 97 meq/ 100 g
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Frc. 3. Fourier curves for organo-montmorillonitescalculated from x-ray diffraction
data obtained at elevated temperatures.
1. Methylbenzylammoniummontmorillonite at 130" C., 113 meq/100 g
2. Trimethylbenzylammoniummontmorillonite at 200oC., 103meq/100 g
3. Dicyclohexylammoniummontmorilloniteat 2l0o C., 97 meq/100g

as high as 2500 C. The decompositionpoint of these clays is shown in
Fig. 1 to be about 275" C. Curve 3 of Fig. 3 shows that dicyclohexylammonium montmorillonite retains its single Fourier peak in the interIayer region to a temperature of 2l0o C.
Gas chromatographic analyses showed that toluene for the Type 1
samples and toluene and benzenefor the Type 2 and 3 sampleswere ob-
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tained. Typical chromatographic curves for some of the samples are
s h o w ni n F i g . 4 .
DrscussroN ol RESULTS
The data obtained by three analytical techniquesindicates that the
organo-montmorillonitesundergoa seriesof changeswith increasingtem-
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Frc. 4. Gas chromatographic traces.
Curve A: Decomposition products of dibenzylammonium montmorillonite in diisopropyl ether.
Curve B: Decomposition products of benzylarnmonium montmorillonite in diisopropyl
ether.
Curve C: Trace amounts of toluene and benzene in diisopropyl ether.
Peak 1. Unknown material contained in the diisopropyl ether
2. Unknown material from the decomposition of dibenzylammonium montmorillonite
3. Diisopropyl ether
4. Benzene
5. Toluene

perature which can provide information about the orientation of the
organic ions and their bonding on the clay surface.Consideringfirst the
Type 1 organo-clays(benzylammoniummontmorillonite, methylbenzylammonium montmorillonite, dimethylbenzylammonium montmorillonite
and B-phenylethylammonium montmorillonite), r-ray diffra"ction data
and Fourier analysesindicate that the organicion is orientedwith the aromatic portion in a vertical configurationon the clay surfaceat room tem-
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perature.r Further, the "d" values in Table 1 indicate that C-H-O
contact distancesare shortened in this configuration. The amount of
shorteningof the contact distanceis about 0.5 to 1.0 A. Dimethylbenzyl
ammonium montmorillonite samplesand lower meq samplesof some of
the other organo-claysgave results indicating that the aromatic group
may be in some position intermediate between parallel and vertical
arrangements.This is seenfrom the broad single peak indicated by the
Fourier analyses.
This shortening is in agreement with the previous work of Bradley
(1945) and MacEwan (1948) who first postulated the C-H-O interaction, and is also in agreementwith the more recent work of McAtee
and Concilio (1959)and the work of Hoffmann and Brindley (1960).The
same type of shortenedC-H-O contact is evident from the data of the
Type 2 organomontmorillonites.Observed basal spacingsare between
parallel and vertical orientation values for the third Type, dicyclohexylammonium montmorillonite, and any shorteningof the C-H-O contacts
could not be detected,
Fourier analysesof Type 1 organo-montmorillonitesshow a change
from two peaks to one peak in the interlaver area"following the initial
changein d-spacing.This alteration occursat relatively low temperatures
ranging from approximately 100' C. to 175o C. depending on the particular organo-clay and on the meq of organic cation on the clay. Thermogravimetric analysesshow no loss in weight prior to this changein configuration, therefore the change is a true rearrangement of the organic
portion of the organo-clay and decomposition of the organic ion, if any,
cannot result in any lost products. The resultant organo-clayformed by
this changein the orientation of the organic cation becomesrapidly disordered. As a consequenceof this, it was not always possibleto obtain
oriented difiraction patterns at intermediate temperatures.
Amine salts decomposeto give free amine by losing a proton at relatively low temperatures.It is reasonableto postulate, therefore, that
the changein Type 1 organo-claysat low temperaturesis a thermal decomposition of the amine salt ion to give free amine and hydrogen
montmorillonite. These hydrogen clays are catalytically active and the
free amine can then be catalytically decomposedand the resirltant products thermally desorbedfrom the surfaces.This sequenceis postulated
by virtue of the loss in weight at temperaturesgreater than 175oC. obI Variations in the center to center distance of the two peaks of the organic cations are
probably due to some ions leaning in less than a true vertical orientation. The r-ray data
is not sufficient to clearly define the orientation other than to yield one peak or two peaks
in the Fourier analysis.
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served from thermogravimetric analyses and from gas chromatographic
analyses of the decomposition products.
Trimethylbenzylammonium montmorillonite (Type 2) has enhanced
thermal stability becauseof its molecular configuration, therefore, it
would not be expectedto lose a methyl group at low temperatures.The
dibenzylammonium ion, becauseof its relatively large size (a projected
area of about 90 A2 for the ions of Group 1) and becauseof the amount
present, results in a crowding of the ions on the clay surface. This packing prevents the ions from rotating to a horizontal configuration,thus an
enhancedthermal stability.
The dicvclohexylammonium montmorillonite behaves somewhat
differently from the others. These samples show a region of stability,
following a slight contraction in the basal spacing at 100 to 150o C.,
which is retained up to about 275" C. The chromatographicproducts
observedfrom the decompositionwere benzeneand toluene.To obtain
these products from dicyclohexylamine, a catalytic breaking of the
amine as well as a breaking of one of the cyclohexyl rings must occur
along with the dehydrogenation.Although the data from this work do
not permit postulation of any catalytic mechanism for either cracking of
the organic ions or for dehydrogenationof the dicyclohexylammonium
ion, it lends itself to a comparison with previously postulated mechanisms for both phenomena.
Oblad, et al. (195I), discussedthe chemical characteristicsand structure of silica-alumina materials. These silica-alumina materials are
effectively synthetically produced clays. These authors considered the
active catalytic sites on the clay to be the tetrahedrally substituted
aluminum ions in the silica layer. The hydrogen clay is the form that is
catalytically activel however, these authors did not consider the acidity
to be the factor influencing catalytic activity. Active centers arise due to
the strained tetrahedrally coordinated aluminum ion shifting to the
more normal octahedral coordination. Oblad et al. stated that this shift is
induced by the silica and the surrounding substrate and representedit by
the following reversible reaction:

?
A

RH+AI-O-Si=R++

t?
LA

| :H-Al-O-Si

I
I
I

They then proposed that the cracking was a result of a betascissionof the
c a r b o n i u mi o n f o r m e d .
These authors have indicated that for a thermal cracking of alkylaryl
hydrocarbons, the break is within the side chain, but for a catalytic
cracking the break is next to the aromatic ring. An exception to this
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toluene which undergoes essentially no decomposition due to the difficulty in the formation of methyl carbonium ions.
Interpretating the data obtained from the organo-claysstudied in this
work in view of the above discussion,it seemsevident that the changes
occurringcan be best explainedby a catalytic mechanism.The enhanced
attractions of the organic material for the clay surfacesis more logically
the consequenceof a strong attractive force such as would occur for a
catalytic interaction. Although the C-H-O interaction proposed probably is present to some small extent, it cannot explain the strong forces
that are indicated to occur at the clay surface. The shortened C-H-O
distancesfound are probably due to an interpenetration of the protons
into the oxygen cavities on the clay surface.
Suulranv
A seriesof organo-montmorilloniteswas investigatedusing the heating-oscillatingtechnique.In these clays the changesoccurring between
room temperature and 350" C. were considered.From o-ray difiraction,
and thermogravimetric results and from gas chromatographic analysesof
the decomposition products it was proposed that the organic ions undergo a catalytic decomposition followed by a thermal desorption from the
clay surfaces.
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