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ABSTRACT

The polymerization of e-caprolactone in the layers of the [DEACOOH]-Montmorillonite intercalations complex was attempted
using 10-Carboxy-n-decyldimethylethylammonium bromide and Na-Montmorillonite to achieve [DEACOOH]-Polycaprolactone-
Montmorillonite in which the inorganic material (montmorillonite) and the organic material (polycaprolactone) are chemically
linked each other. The results of X-ray- and IR-analysis for the samples obtained after polymerization showed that the polymer-
jzation reaction has been successfully accomplished. In order to study the polymeric reaction products more precisely we have
separated the polymerized product from the silicate layers and analyzed it with X-ray diffractometer, IR-spectrometer and TEM.
The comparison of the results of X-ray- and IR-analysis for the separated polymer with them for the polymer which was synthe-
sized by the reaction of g-caprolactone only with the organic cation without montmorillonite showed that the obtained both poly-

mers are the same compounds.
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1. Introduction

lay has a very small particle size, exists abundantly in

the nature and is very useful material in the economic
and environmental aspects. It has also excellent mechanical
and chemical properties and so has been broadly used as a
reinforcement for polymers. To improve the chemical, physi-
cal, mechanical, electrical and thermal properties such as
chemical resistance, strength, toughness, stiffness, elastic-
ity, isolation, etc. of the pure polymer materials without
reinforcement or filler the study on the synthesis of the clay-
polymer nanocomposites by reinforcing this pure polymer
materials with clay minerals as a reinforcement has been
very active.” Theoretically it is possible to form inorganic-
organic complexes in which both, inorganic material(for
example; inorganic montmorillonite) and organic material,
are chemically combined, and the studies on this research
area are also very active.>'?

Poly(e-caprolactone)(PCL) is a kind of biodegradable ali-
phatic polymer and is recently being much researched for
use in pharmaceutical controlled release systems, medical
devices and in degradable packaging.'*'® Especially PCL
has a very excellent commercial use as a copolymer with
polyvinylchloride, acrylonitrile-butadiene-styrene, etc.”*®
But the future development for the potential use of this PCL
is much limited, because it has a low melting point and
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glass transition temperature(Tg). Therefore it could be
applied in the various fields, if its mechanical properties
can be improved by reinforcing it with reinforcements or fill-
ers such as clay.

Clay becomes fully other properties, if the metal cations
in the interlayer spaces of clay will be substituted by other
cations, especially by organic cations. It means that the
properties of clay can be fully changed by the kind of the
organic cations which will be intercalated between the
layers of clay. For example Giannellis®” and Wei*® used
11-carboxy-undecylammonium chloride as an organic cat-
ion formed from 12-aminolauric acd and concentrated HCL
to synthesize PCL/Clay Nanocomposites. Octadecylammo-
nium chloride was used as an organic cation in the syn-
thesis of epoxy-clay nanocomposites by Berglund.*® In
this research we have used the following quaternary
ammonium salt as an organic cation with long alkyl chain
synthesized by the method described in earlier pubilca-
tion:*?

CH,
l
C,H,—N"—(CH,),,—COOH Br"  10-Carboxy-n-decyldim-
| ethylethylammonium
CH, bromide

(will be abbreviated as [DEACOOH] Br after now)

In other researches the Organically Modified Montmoril-
lonite(OMM) was synthesized by a cation exchange reaction
between Na-montmorillonite and primary ammonium salt
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which was prepared in situ from aminolauric acid and con-
centrated HCL in distilled water.?**® Thereafter the poly(e-
caprolactone)-montmorilonite nanocomposite(PCLM) was
synthesized from OMM and e-caprolactone in a vaial at
170°C(oil bath temperature). But in this research the qua-
ternary ammonium salt as an organic cation was prepared
at first, whereafter the OMM was formed by a cation
exchange reaction between Na-montmorillonite and this
quaternary ammonium salt. And then the OMM was
treated with e-caprolactone to obtain organic cation-g-capro-
lactone-montmorillonite  intercalations complex(OCM),
whereafter this OCM was heated at various higher temper-
ature than 170°C in a sealed evacuated ampule for the poly-
merization reaction to obtain PCLM.

2. Experimental Procedure

2.1. Materials

n-undecanoic acid bromide and dimethylethylamine for
the preparation for the organic cation and s-caprolactone as
starting material for the organic polymer were commer-
cially obtained from Fluka and/or Aldrich. Ca-bentonite
from Schwaiba, Germany was chemically refined to achieve
Na-Montmorillonite.

2.2. Characterization of Synthesized Products

The obtained organophilic [DEACOOH]-Mont intercala-
tions complex, [DEACOOH]-e-caprolactone-Montmorillo-
nite, [DEACOOH]-polycaprolactone-Montmorillonite and
the separated samples treated with the NH [HF ]-solution
were characterized by X-ray diffractometer (Philips Novelco
and XPERT PRO) using Cu Ko-radiation (A =1.5418 A)
with a scan speed of 1.00 deg/min.

Infrared spectroscopic measurements on the pure Na-
Montmorillonite, the organophilic [DEACOOH]-Mont inter-
calations complex, [DEACOOH]-polycaprolactam-Montmo-
rillonite, the polymer material separated from this
inorganic/organic hybrid and the pure polymer synthesized
without montmorillonite were also performed using FT-IR-
spectrometer(BOMEM MB-104).

The synthesized montmorillonite/polycaprolactone nano-
composites were also analyzed with transmission electronic
microscopy(TEM; JEOL 100 LX with 100 kV Accelerating
Voltage).

2.3. Synthesis of the Organophilic [DEACOOH]-
Mont Intercalations Complex

[DEACOOH] Br was dissolved in distilled water and this
solution was added to the water suspension of Na-Montmo-
rillonite under stirring. The whole mixture was then left at
65°C for 48 h under occasional stirring and thereafter cen-
trifuged so that the swelling solution can be isolated from
the product, the organophilic [DEACOOH]-Mont intercala-
tions complex. This [DEACOOH]-Mont was washed with
dist. water and then dried at 100°C in oven at first and con-
tinuously at 65°C in vacuum of 107 torr for 24 h.

2.4. Synthesis of [DEACOOH]-s-Caprolactone-Mont-
morillonite

In the 100 mL round flask the stochiometrical amounts of
the organophilic [DEACOOH]-Mont and s-caprolactone
were well mixed with mortar, and then the mixture was left
under N,-atmosphere for 30 min under occasional stirring.
Thereafter the round flask with the mixture was heated at
95°C(oil bath) for 30 min, cooled slowly up to 50°C, and well
mixed with mortar. Then the sample was put into the reac-
tion flask again, left under N,-atmosphere for 30 min with
occasional stirring, heated at 95°C for 30 min, cooled slowly
up to 50°C and left at this temperature for 3 days. This pro-
cedure was repeated 3 times more.

2.5. Polyconsation of =Caprolactone between the
Layers of [DEACOOH]-Mont

[DEACOOH]-¢-caprolactone-Montmorillonite was put into
the thick horosilicate ampule which was preheated with
heat gun to remove the moisture, and then the ampule
(including sample) was evacuated, sealed and heated at
220°C, 230°C, and 240°C for 48 h to polymerize the e-capro-
lactone in the interlamellar spaces of [DEACOOH]-Mont.

2.6. Polycondensation of s-Caprolactone and [DEA-
COOH] Br without Montmorillonite

In order to compare with the polymer obtained from the
above procedure the organic monomer, g-caprolactone, alone
was polymerized with the organic cation, [DEACOOH] Br
without montmorillonite at 240°C for 48 h. The product was
purified by washing with water and drying at 65°C for 24 h
in high vacuum of 107 torr.

2.7. Separation of Polycaprolactone from the Layers
of [DEACOOH]-Mont

The polycaprolactone polymerized in the layers of the
organophilic [DEACOOH]-Mont intercalations complex was
separated by the decomposition of silicate lattice using an
ammonium hydrogen fluoride(NH,[HF,)]) solution. The pure
Na-Montmorillonite which wasn't polymerized, i.e. don't
include any organic compound was also decomposed in the
same way for the purpose of comparison.

Polycaprolactone- and Na-Montmorillonite were mixed
with excess amount of 1 n solution of ammonium hydrogen
fluoride, respectively. Each mixture solution was then left at
room temperature for 2 days under stirring, and thereafter
conc. ammonium hydroxide(NH,OH) solution was added to
each one which had a pH 3.5 at the beginning so much that it
will be neutral or weak alkalic. The precipitate was separated
from the solution by the filtration, dried at 65°C for short
time in oven at first and then continuously in high vacuum of
107 torr for 24 h. This dried sample was mixed with the
excess amount of 100% glacial acetic acid, and the mixture
was filtered at 60~70°C. The separated glacial acetic acid
phase was then treated with an excess of diethyl ether for the
precipitation. The polymer precipitate was then separated
and dried at 65°C for 24 h in high vacuum (107 torr).
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3. Results and Discussion

3.1. Organophilic [DEACOOH]-Mont Intercalation
Complex

The organophilic (DEACOOH]-Mont intercalations com-
plex obtained from the reaction between Na-Montmorillo-
nite and [DEACOOH] Br by the cation exchange reaction
was characterized with an X-ray diffractometer under the
following conditions:

a) The equilibrium solution after cation exchange reaction
was centrifuged; the solid residue was analyzed with X-ray
diffractometer under still wet condition with the adherent
equilibrium solution (Fig. 1(B)).

b) Thereafter the centrifuged solid residue was washed
eight times with distilled water until it was free from halide
and characterized with X-ray diffrectometer under still wet
condition with water (Fig. 1(C)).

¢) The washed sample was dried at 65°C for 24 h in high
vacuum (107 torr) and analyzed with X-ray diffractometer
under the dried condition in high vacuum (Fig. 1(D)).

20 <

Fig. 1. X-ray diffraction patterns of [DEACOOH]-Mont.
(A) Na-Montmorillonite dried in high vacuum at 65°C
24 h, (B) after 48 h exchange-time, under exchange
solution, (C) after eight times washing, under water,
and (D) after 24 h drying in high vacuum at 65°C.
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The obtained results from the measurements with X-ray
diffractometer are summarized in Table 1 which shows us
that the basal spacing values between the starting material,
Na-montmorillonite, and the reaction products, [DEA-
COOH]-Mont, are quite different. The Na-Montmorillonite
used as a starting material swells toward infinitely under
distilled water, i.e. the layers of the crystals separate to the
individual layers. So the attractive interactions between the
adjacent layers will reduce. After drying it under high vac-
uum its basal spacing falls to 9.8~10.1 A. The X-Ray Dif-
fraction (XRD) patterns for the summarized data in Table 1
are demonstrated in Fig. 1.

In case of [DEACOOH]-Mont the basal spacing of 19.6 A
is obtained under the exchange solution, but it lies on 18.5 A
with the reduction of 1.1 A after washing eight times with
water until it was free from halide. Under this condition it is
obvious that the sample has still much water between the
layer of the intercalations complex. Therefor the sample
was dried at 65°C in high vacuum (107 torr) for 24 h, where-
after the closed packing was obtained and the basal spacing
also decreased upto 14.50 A with the reduction of 4 A. Itis a
comprehensible value, because the density of charge of
montmorillonite used in this research is very small. Under
such density of charge the alkyl ammonium ions with up to
at least 12 C-Atom numbers form a flat lying monolayer, as
we know from many other researches.

Fig. 2 shows the XRD-patterns for the [DEACOOH]-¢-
caprolactone-Montmorillonite synthesized by the reaction
between the organophilic [DEACOOH]-Mont intercalations
complex and e-caprolactone. As showed in Fig. 2 the XRD
pattern of the [DEACOOH]-¢-caprolactone-Montmorillonite
is quite different from that of the starting material, the
organophilic [DEACOOH]-Mont intercalations complex.
This suggests that the caprolactone is successfully interca-
lated into the layer of [DEACOOH]-Mont. But from Fig. 2
we can see that the XRD patterns obtained after drying in
high vacuum directly after the cation exchange reaction and
after extraction with methanol and the following drying in
high vacuum are almost the same as that of the starting
material, the organophilic [DEACOOH]-Mont intercala-
tions complex. This suggests that the intercalated e-capro-
lactone between the layers of [DEACOOH]-Mont are
extensively removed again from the layers.

3.2. Polycondensation Reaction

In order to know if the polymerization of s-caprolactone in
the layers of [DEACOOH]}-Mont has been successful the
sample was treated in high vacuum at 65°C for 24 h. Under

Table 1. Basal Spacings(A) Measured After the Cation Exchange Reaction

Sample treatment

Basal spacing(4) of

Reaction product Na-Montmorillonite

after more than 48 h exchange time, under exchange solution
after eight times washing, measured under water
after 24 h drying in high vacuum at 65°C

19.62 -
18.54 Toward infinitely
14.54 9.8~10.1
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Fig. 2. X-ray diffraction patterns of [DEACOOH]-Mont with
g-caprolactone.
(A) [DEACOOH]-Mont as a starting material, (B) after
intercalation of e-caprolactone into [DEACOOH]-Mont,
(C) after drying of (B) in high vacuum right after the
exchange reaction, and (D) after extraction with meth-
anol and following drying in high vacuum of (B).

these conditions the unreacted e-caprolactone which is only
intercalated into the silicate layers will be removed from the
layers again, and the basal spacing will be falling to ca.
14.5 A which was the value for the starting material, [DEA-
COOH]-Mont dried in high vacuum. Independent of this
procedure, the extraction analyses of samples were per-
formed with the solvents in which only the monomer or
small oligomers are soluble, but not the polymer. The
results measured with X-ray diffractometer are showed in
Table 2 and Fig. 3.

From the results of Table 2 and X-ray diffraction patterns
in Fig. 2 we can see that e-caprolactone was almost fully
removed from the layers of [DEACOOH]-Mont, if the capro-
lactone was not polymerized in the layers, dried at 65°C for

—> 20

Fig. 3. X-ray diffraction patterns of [DEACOOH]-Mont with
e-caprolactone after polymerization.
(A) [DEACOOH]-¢e-caprolactone-Mont as a starting
material, (B) after polymerization of (A) for 48 h at
220°C, (C) after polymerization of (A) for 48h at
230°C, (D) after polymerization of (A) for 48h at
240°C, (E) after drying in in high vacuum at 65°C 24 h
of (D) right after polymerization, and (F) after extrac-
tion with methanol and following drying in high vac-
uum of (D).

24 h in high vacuum directly after intercalation reaction
(Fig. 2(C)) and after extraction with solvent(here methanol
for example) (Fig. 2(D)). But the results of Table 2 and Fig. 3
show us that the e-caprolactone was not removed from the
layers after the polymerization. This suggests that the poly-
merization of e-caprolactone is successfuly performed
between the layers of [DEACOOH)-Mont.

In the second column of the Table 2 the basal spacings of
the reaction products, [DEACOOH]-Caprolactone-Montmo-

Table 2. Results of Polymerization of e-Caprolactone in [DEACQOOH)-Mont.

Basal spacings(A) after reaction of
[DEACOOH]-Mont. with monomer

Sample treatment

Basal spacings(A) for 48 h at

before polymerization 220°C 230°C 240°C
starting material for polymerization 50.72
after polymerization 49.74 57.53 68.83
dried in high vacuum at 65°C, 24 h 15.34 44.05 48.18 51.73
after extraction with methanol and dried 1453 35.69 45.62 48.18

in high vacuum at 65°C, 24 h
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rillonites, which were synthesized by the intercalations
reaction of e-caprolactone into the [DEACOH]-Mont and
will be used as a starting material for the polymerization of
the organic monmer are summarized. The basal spacing of
[DEACOOH]-Caprolactone-Montmorillonite before poly-
merization was 50.72 A, but it was reduced to 15.34 A after
intercalation reaction and drying at 65°C, for 24 h in high
vacuum. This is caused by the removement of almost all ¢-
caprolactone from the layers in high vacuum by vaporiza-
tion. The Table 2 and Fig. 3 show us also that in case of the
extraction with solvent, methanol, in which the monomer is
soluble and the following drying in high vacuum at 65°C for
24 h the monomer, s-caprolactone, was also removed from
the layers and the basal spacings fell to 14.53 A.

In the next column of the Table 2 the basal spacings of the
products which were obtained after polymerization for 48 h
at 220°C, 230°C, and 240°C are summarized. From the
results of the Table 2 we can see that in every case the basal
spacing increased with the reaction temperature. After
polymerization at 220°C the basal spacing is 49.74 A, while
the basal spacings obtained after polymerization at 230°C
and at 240°C are 57.53 A and 68.83 A, respectively. From
these results it is obvious that the polymerization has been
successfully proceeded and the reaction proceeds more rap-
idly in the higher reaction temperature.

We can observe more precisely the polymerizations state
by checking the basal spacings measured directly after dry-
ing at 65°C for 24 h in high vacuum. The basal spacing of
the sample synthesized after polymerization at 220°C is
49.74 A, but it fell to 44.05 A after drying at 65°C for 24 h in
high vacuum. Therefore a large difference exists between
the basal spacing between the two cases, from which we can
know that large amounts of the monomer, g-caprolactone,
intercalated between the interlamellar space have been
removed from the layers. The results obtained after poly-
merization for the reaction temperature of 230°C and 240°C
are different from those at 220°C. For example the basal
spacings measured after polymerization at 230°C and 240°C
and directly after drying of these polymer products at 65°C
for 24 h in high vacuum are 48.18 A and 51.73 A, respec-
tively.

While the basal spacings obtained before polymerization
lie between 14.53 A because almost all amounts of the
monomer were removed from the layers, those measured
after extraction of the polymerized sample with solvent
(here methanol) in which the monomer is soluble and the
following drying at 65°C for 24 h in high vacuum are more
than 35 A in all cases, which means that the polymerization
proceeded successfully. In general we can see from the
results of the Table 2 that the less the basal spacing reduces
the higher the reaction temperature is.

Comparing Figs. 2 and 3 it is obvious that the X-ray peaks
obtained after polymerization are not sharp and far more
broad than those measured before polymerization. For this
reason the basal spacings for the X-ray patterns after poly-
merization are much less precise than those obtained before
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polymerization. Therefore due to the difficulty in measuring
the exact basal spacings from the X-ray peaks after poly-
merization, it has to be considered that only the rough basal
spacings could be taken in Table 2 and that the limit of
error is 3 A or more.

3.3. Analysis of the Polymer Separated from the Lay-
ers

In order to more precisely investigate and analyze the
polymer products the polymerized sample was isolated from
the silicate layers. But as we know from the results of the
extraction with solvent it was not possible to separate the
polymerized product from the interlamellar space by extrac-
tion with solvent. It was also not possible to isolate the poly-
mer ion existing between the layers by the cation exchange
reaction because the ion with high molecular weight is
linked more strongly with montmorillonite in the inter-
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Fig. 4. X-ray diffraction patterns of (A) Na-Montmorillonite,
dried in high vacuum at 65°C for 24 h, (B) {DEA-
COOH]-Polycaprolactam-Montmorillonite, polymerized
for 48 h at 240°C, extracted with methanol and dried
in high vacuum at 65°C for 24 h, (C) insoluble resi-
due in water and NH,[HF,]-water solution of Na-
Montmorilionite after decomposition reaction, (D)
insoluble residue in water and NH,[HF,]-water solu-
tion of [DEACOOH]-Polycaprolactone-Montmorillonite
after decomposition reaction.
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lamellar space than the ion with low molecular weight.
Therefore in order to separate it we had to decompose the
silicate lattice with the NH,[HF, }-solution. The isolated
sample was then analyzed with X-ray diffractometer and
IR-spectrometer, and the results are demonstrated in Figs.
4 and 5.

3.4. X-Ray Analysis After the Decomposition Reac-
tion

The X-ray diffraction patterns before and after the decom-
position reaction of Na-Montmorillonite and [DEACOOH]-
Polycaprolactone-Montmorillonite are demonstrated in Fig. 4,
from which we can observe that the decomposition reaction
has been proceeded successfully, i.e. montmorillonite is
decomposed by the chemical reaction with NH [{HF,}. From
Fig. 4 we can see that the typical (001)-peaks for montmoril-
lonite disappeared, while those peaks for the precipitates
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Fig. 5. IR-Spectrums for (A) [DEACOOH] Br, (B) e-caprolac-
tone, (Cy Na-Montmorillonite, (D) [DEACOOH]-Mont-
morillonite, (E) [DEACOQH]-Polycaprolactam-Mont-
morillonite, polymerized for 48 h at 240°C, extraction
with methanol and dried in high vacuum at 65°C for
24 h, (F) polymer, isolated from the interlayer space of
montmorillonite (original polymerization in interlayer
space at 240°C for 48 b, extracted with methanol, then
isolated by NH,[HF,]-process, and (G) polycaprolac-
tone, synthesized without montmorillonite, after
extracted with water and dried in high vacuum at
65°C for 24 h.

which are not soluble in NH [HF,J-solution appeared; (111}-,
{200)-, and (220)-peaks which are very sharp are related to
the (NH ), JAIF ] precipitate, while (111}- and (200)-peaks to

sam———

<

Fig. 6. TEM pictures of the montmoriilonite/polycaprolactone
nanocomposites at (&) 220°C, (B) 230°C, and (C) 240°C.
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the (NH,),[SiF] precipitate. Here Al and Si from [AIF],.-
anion and [SiF], anion, respectively, can be derived only
from montmorillonite lattice layers.

3.5. IR-Analysis

The results of IR-analyses for each sample are showed in
Fig. 5. The IR-spectrums for [DEACOOH] Br, e-caprolac-
tone and Na-Montmorillonite as starting materials are
showed in Fig. 5(A), (B), and (C), respectively. The IR-spec-
trum for Na-Montmorillonite includes somewhat character-
istic broad peaks. Fig. 5(D) shows us the IR-spectrum for
[DEACOOH]-Mont with the cation in the interlamellar
space. In this spectrum we can observe the sharp peaks in
the region from 2828 to 2915 ecm™, from 1470 - 1530 cm™
and at 1750 cm™ which did not exist in the spectrum for Na-
Montmorillonite and are derived from the organic cation
intercalated between the layers.

Fig. 5(E) shows the IR-spectrum for [DEACOOH]-Polyca-
prolactone-Montmorillonite sample synthesized by the poly-
condesation reaction of g-caprolactone between the layers of
[DEACOOH])-Mont intercalations complex, extracted with
methanol solvent to remove the caprolactone which were
not polymerized, and then dried at 65°C for 24 h in high vac-
uum. In this case we can observe additional sharp peaks.

In Fig. 5(F) the IR-spectrum for the sample isolated from
the interlayer spaces of montmorillonite after decomposi-
tion of [DEACOOH]-Polycaprolactone-Montmorillonite with
NH,[HF,] was demonstrated. In order to compare it with
the spectrum for the polymer which was synthesized by the
reaction of e-caprolactone with [DEACOOH]-Mont without
montmorillonite is showed in Fig. 5(G). Compared Fig. 5(F)
with Fig. 5(G) we can observe that the both polymers which
were synthesized under the different reaction conditions are
the same compounds.

It is obvious from the polymerization experiments and the
results of IR-Spectrums (Fig. 5(E), (F), and (G)) that a chem-
ical reaction (polymerization) in the interlamellar space of
[IDEACOOH]-Mont appeared.

3.6. Transmission Electronic Microscopy(TEM)

In order to observe the appearance of the clay mineral as a
reinforcement in the polymerized product this polymer was
investigated with transmission electronic microscope(Fig. 4).
From Fig. 4 we can observe the repeating arrangement of
the layers of the reinforced montmorillonite in the polymer
matrix of montmorillonite/polycaprolactone nanocompos-
ites.

4. Conclusions

In this research we have tried to polymerize s-caprolac-
tone in the interlamellar space of [DEACOOH]-Mont to
achieve the [DEACOOH]-Polycaprolactone-Montmorillonite
in which the inorganic material(montmorillonite) and the
organic material(polycaprolactone) are chemically linked
each other and have found the following results:
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1. The basal spacings for the samples obtained after poly-
merization lie from 35.69 A to 51.73 A under dried condition
in high vacuum, while those for the samples before polymer-
ization lie between 14.53 A and 15.34 A under the same
condition.

2. Especially we could observe that the less the basal spac-
ing reduces the higher the reaction temperature is.

3. From the comparison between the IR-spectrum of the
starting material before polymerization and that of the
product obtained after polymerization we could see that the
polymerization appeared in the interlamellar space of the
intercalations complex.

4. Compared the IR-spectrum for the sample separated
from the layers of [DEACOOH]-Mont after polymerization
of e-caprolactone between the layers of [DEACOOH]-Mont
with that for the polymer synthesized by the reaction of e-
caprolactone only with the organic cation, [DEACOOH] Br,
without montmorillonite it is obvious that the both poly-
mers which were synthesized under the different reaction
conditions are the same compounds.

5. The repeating arrangements of the layers of the rein-
forced montmorillonite in the polymer matrix of montmoril-
lonite/polycaprolactone nanocomposites were also observed
by TEM.

From all these results it appears that the polymerization
was successfully accomplished in the intelamellar space of
the [DEACOOH]-Mont intercalations complex.
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