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ABSTRACT: The investigation of clay based polymer
nanocomposites has opened the door for the development
of novel, ecofriendly advanced nano materials that can be
safely recycled. Because of their nanometer size dispersion,
these nanocomposites often have superior physical and
mechanical properties. In this study, novel nanocomposites
of poly(o-toluidine) (POT) and organically modified mont-
morillonite (MMT) were synthesized using camphor sul-
fonic acid (CSA), cetyl pyridinum chloride (CPCl), and N-
cetyl-N,N,N-trimethyl ammonium bromide (CTAB) to

study the role of surfactant modification on the intercala-
tion. The in situ intercalative polymerization of POT
within the organically modified MMT layers was analyzed
by FTIR, UV–visible, XRD, SEM as well as TEM studies.
The average particle size of the nanocomposites was found
to be in the range 80–100 nm. � 2007 Wiley Periodicals, Inc. J
Appl Polym Sci 106: 1909–1916, 2007
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INTRODUCTION

Nanotechnology has been recognized as one of the
most promising areas for technological advancement
in the 21st century. The development of polymer
nanocomposites is an emerging field of research,
which has led to the enhancement of material proper-
ties via interfacial interaction between the polymer
matrix and the organically modified layered sili-
cates.1–5 It has been lately investigated that the
ground state of polymer–clay nanocomposites corre-
sponds to phase-separated, intercalated, or exfoliated
depending on the external conditions. Hence, the
mechanism of structural transitions between such
states has become a subject of great scientific and
practical importance. Intercalation polymerization is a
promising technique that has resulted in the fabrica-
tion of several polymer nanocomposite materials.
Conducting polymer intercalated nanocomposites
prepared by this method lead to higher degree of
polymer ordering resulting in advanced gas barrier,
thermal, electrical as well as mechanical properties.6–11

Many published papers focusing on the preparation
and new properties of novel nanocomposites contain-
ing conducting polymers particularly polyaniline
(PANI) with various host materials such as FeOCl,12

MoO3,
13 V2O5

14 have been reported.

One of the most studied pairs in conducting poly-
mer/layered inorganic solid nanocomposites are the
nanocomposites composed of PANI chains confined
in the 2-D galleries of layered silicates with the
unique characteristics mentioned above. After the ob-
servation of PANI intercalation into Cu21-exchanged
silicates by Cloos et al. in 1979,15 a number of studies
on the preparation, properties, and applications of
PANI/layered silicate nanocomposites were carried
out.16–22 Most recently, Yang and Chen23 reported the
synthesis of PANI/organically modified clay nano-
composites and found that more ordered PANI
chains were formed between interlayer spacings of
the modified clay, especially for HOOC(CH2)11NH31

modified clay. Because the acidic HOOC(CH2)11NH31

ions residing between interlayer spacings provide a
stronger driving force for the intercalation of aniline
monomer. Yeh et al.24 reported the synthesis of
PANI/clay nanocomposites with exfoliated silicate
layers of clay and investigated the effect of such nano-
composites on the corrosion protection of cold rolled
steel (CRS) when compared with that of an emeral-
dine base of PANI using a series of electrochemical
measurements of corrosion potential and polarization
resistance. However, the study of the complex struc-
ture of the nanocomposites and the confinement of
the polymer chains in the silicate galleries, still
remains an unambiguous problem that needs to be
further resolved.

Our earlier results based on PANI/bentonite nano-
composites have shown that lower extent of intercala-
tion of PANI takes place in the bentonite galleries as
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compared with the reported PANI/MMT nanocom-
posites and the particle size of the nanocomposites
was found to be on the higher side of the nanometer
range.25 In the present study, we have chosen mont-
morillonite (MMT) as a host material, because its lay-
ered structure consists of two silica tetrahedral sheets
held together by weak dipolar forces in which the
monomer can be easily introduced by ion exchange
without distorting its layered morphology. The sur-
factant modification of MMT was carried out, as the
long chain alkyl ammonium salts or surfactants helps
to facilitate the interaction between MMT and poly-
mer chains by making the hydrophilic MMT surface
organophilic without distorting the layered structure,
which helps in improving the compatibility between
the silicate layers and polymer. Moreover, as the
understanding of PANI/silicate nanocomposites is
fragmentary owing to the amorphous nature of PANI
as well as its low solubility in common organic sol-
vents, poly(o-toluidine) (POT) was chosen as the con-
ducting polymer owing to its higher processibility as
well as solubility as compared with PANI.25

To the best of our knowledge, systematic studies on
the effect of cationic and anionic surfactants on the
physical properties of POT/MMT nanocomposites
are not reported in literature. The present work
reports preliminary investigations on the synthesis
and characterization of POT/MMT nanocomposites
using cationic as well as anionic surfactants. The
effect of surfactant on the intercalation, spectral, and
morphological properties of the nanocomposites was
investigated.

EXPERIMENTAL

Materials

Montmorilonite Clay obtained from Adrich, Chemical
Co. was used for synthesis. o-Toluidine (Aldrich, AR)
was distilled twice under reduced pressure prior to
use Potassium persulphate (Aldrich, AR), N-cetyl-
N,N,N-trimethyl ammonium bromide (CTAB) (Aldrich,
AR), cetyl pyridinuim chloride(Aldrich, AR), D-10
camphorsulphonic acid (Aldrich, AR), dodecylbenze-
nesulphonic acid (Aldrich, AR), HCl (GR, Merck,
India) were used as such without further purification.

Modification of MMT clay

MMT was organically modified with the surfactants
before it was intercalated with the monomer (o-tolui-
dine). A known amount of clay (2 g) 25 mL of each of
them were mixed with � 0.1M of surfactant and then
kept for stirring for 3 h using magnetic stirrer. It was
than centrifuged and washed several times with dis-
tilled water to remove excess of surfactant after, then
dried in vacuum oven at 808C (Table I).

Synthesis of poly(o-toluidine)–MMT
nanocomposites

A measured volume of freshly distilled toluidine
(1 mL) was syringed slow into a modified clay (0.5 g).
To this ammonium persulphate (0.268 g) was added
followed by 40 mL of distilled water and to this 2–3
drops of HCl was added at 08C. The gradual change
of color from gray to dark purple was indicative of
the formation of POT. After 4 h of constant stirring,
the total mass was centrifuged and the residue was
washed with distilled water. The nanocomposite
obtained was dried under vacuum at 808C for 24 h, to
obtain the intense black colored nanocomposite pow-
der (Table I).

Characterization

FTIR spectra of the nanocomposites were taken on a
spectrometer model IMPACT 410, NICOLET. UV–
visible spectra were taken on Perkin–Elmer lambda
EZ-221. X-ray diffractograms were recorded on X-ray
diffractometer model Philips PW3710 using copper
Ka radiations. TEM was taken on Morgagni 268-D
TEM FEI, Netherlands. Scanning electron micro-
graphs were taken on JEOL JSM840 scanning electron
microscope under gold film.

RESULTS AND DISCUSSION

Characteristics of modified MMT and POT
intercalated MMT

The percent yield of organically modified MMT (Fig. 1)
was found to be higher for MMT(CTAB) and MMT
(CSA), while it was found to be lower for MMT(CPCl),
which can be attributed higher ionic interaction
incase of CTAB and CSA with MMT than CPCl. The
percent yield of polymer modified MMT (Fig. 2) was
found to be around 80–90% for POT/MMT(CSA),
POT/MMT(CTAB), and POT/MMT(CPCl). The poly-
merization of POT was confirmed by the instant color
change to dark purple upon addition of o-toluidine. It
has been reported that the chemical composition of
MMT has a catalytic effect on the polymerization21

and similar phenomenon was observed in our case.

TABLE I
Recipe for Modification of MMT and Synthesis

of POT/MMT Nanocomposites

Material
Surfactant
(g) (0.1M)

Monomer
(g) Yield (%)

MMT (CTAB) 0.9 – 78
MMT (CPC) 0.89 – 75
MMT (CSA) 0.58 – 80
POT/MMT (CTAB) 0.9 1 83
POT/MMT (CPC) 0.89 1 85
POT/MMT (CSA) 0.58 1 90
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Because the negative charge originates from the sili-
cate layer, the cationic head group of the surfactant
molecule preferentially resides at the layer surface,
while the aliphatic tail is removed from the surface.
The presence of these aliphatic chains in the galleries
modifies the original hydrophilic silicate surface to be
organophilic. Furthermore, the organic cations con-
tain various functional groups that react with the
polymers and reinforce adhesion between the par-
ticles and the matrix, thus producing nanocomposites
with excellent dispersion quality in organic solvents.
As the surfactant chain length gets larger, the charge
density of the clay increases, which influences the
percentage yield.

FTIR spectra

The FTIR spectra of MMT clay [Fig. 3(a)], shows the
characteristic absorption peaks of lattice water (O-H)
at 3267 cm21, 3400 cm21, CH2 asymmetric stretching
vibrations (C-H) at 2360 cm21, H-O-H bending (H-O-
H) and Si-O stretching vibrations at 1638, 1054, and
1106 cm21, respectively. In case of surfactant modi-
fied MMT prepared by modification with CSA,
CTAB, and CPCl [Fig. 3(b–d)], the OH stretching, H-
O-H bending, Si-O bending peaks show a major shift
of 9 cm21 from 1054 to 1045 cm21 in CTAB/MMT,
CPCl/MMT, and CSA/MMT thus confirming the or-
ganic modification of the clay via the surfactants (Ta-
ble I). Likewise the HOH bending peak also shows a
shift of 7 cm21 incase of CTAB/MMT and CPCl/
MMT, while it shows a shift of 2 cm21 incase of CSA/
MMT. The shifting of Si-O as well as H-O-H bending
peak indicates the organic modification of MMT via
ionic interaction of the clay with surfactants. In case

of polymer intercalated surfactant modified MMT,
shifting of the characteristic peaks of Si-O and H-O-H
bending by 9 cm21 is noticed for POT/MMT(CTAB),
POT/MMT(CSA), and POT/MMT(CPCL), while
additional peaks corresponding to benzenoid and
quinonoid vibrations are observed at 1489 cm21

[Fig. 3(e–g)], thus confirming the polymerization of
toluidine within the organically modified galleries of
MMT.26

UV–visible spectra

The UV–visible spectra of POT/MMT (CTAB) (Fig. 4)
shows broad absorption maximas at 350 and 550 nm.
The peak in the UV range is assigned to P–P* transi-
tions, whereas the peak in the visible range is
assigned to the polaronic transitions from the benze-
noid ring (HUMO) to the quinonoid ring (LOMO),
i.e., from PB–PQ. The peak in the visible range also
confirms the presence of the doped state of conduct-
ing polymer (POT) in MMT.27 Incase of POT/
MMT(CTAB), a free carrier tail is observed in the visi-
ble region, which is consistent with the delocalization
of polarons promoted by extended chain conforma-
tion of POT and has also been observed for PANI.28

Incase of POT/MMT(CSA) and POT/MMT(CPCl),
the transitions in the visible range transitions appear
to be well formed and localized exhibiting a compact
coil conformation of POT.27 The strong interactions
between the POT chains incase of POT/MMT(CPCl)
and POT/MMT(CSA) make conjugation defects lead-
ing to a compact coil conformation, while incase of

Figure 1 % yield of surfactant modified MMT. [Color fig-
ure can be viewed in the online issue, which is available at
www.interscience.wiley.com.]

Figure 2 % yield of POT/MMT. [Color figure can be
viewed in the online issue, which is available at www.
interscience.wiley.com.]
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POT/MMT(CTAB), the stacking of POT chains in
between the MMT layer tends to eliminate the inter-
action between the POT chains leading to dispersed
polaron band, which appears as a free carrier tail in
the spectra. Thus, it can be concluded that the surfac-
tant modification of MMT leads to different chain
conformations of POT within the MMT galleries ex-
hibiting an expanded structure in POT/MMT(CTAB)
and a compact coil structure in POT/MMT(CPCl) as
well as POT/MMT(CSA).27

XRD analysis

The (001) reflection peak of the pristine MMT is
observed around 2u � 7.348 for [Fig. 5(a)] 12 Å. In

case of polymer clay nanocomposites, the correspond-
ing shift of the (001) diffraction peak towards lower
angles indicates an increase in the inter gallery spac-
ing. The observed expansion of the clay gallery
reflects the extent of intercalation. The modification of
MMT with CTAB [Fig. 5(b)] shows an increase in the
height of the gallery from 12 to 13.8 Å, while that of
POT/MMT(CTAB) shows an increase up to 14.4 Å

Figure 3 FTIR spectra of (a) MMT, (b) MMT(CTAB), (c) MMT(CPCl), (d) MMT(CSA), (e) POT/MMT(CTAB), (f) POT/
MMT(CPCl), (g) POT/MMT(CSA).

Figure 4 UV–visible spectra of POT/MMT nanocompo-
sites. [Color figure can be viewed in the online issue,
which is available at www.interscience.wiley.com.]

Figure 5 XRD Spectra of (a) MMT, (b) MMT(CTAB),
(c) MMT(CPCl), (d) MMT(CSA), (e) POT/MMT(CTAB),
(f) POT/MMT(CPCl), (g) POT/MMT(CSA).
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probably due to the transition of POT from the
‘‘compact coil’’ to an ‘‘expanded coil’’ indicating the
possibility of more expanded conformation of POT
chains as well as its successful intercalation. The CSA
modified MMT [Fig. 5(c)] exhibits exfoliation while
POT/MMT(CSA) [Fig. 5(d)] reveals an expansion of
intergallery spacing by 4 Å indicating the presence of
an expanded coil conformation of POT in the MMT
galleries. The 001 diffraction peak appears to be
absent in CPCl modified MMT [Fig. 5(e)] as well as
POT/MMT(CPCl) [Fig 5(f)] indicating that either
destruction of the interlayer (001) spacing takes place
upon modification with CPCl or higher increase in
the intergallery spacing takes place, which shifts the
001 diffraction peaks to values lower than 5 Å.28 As
the intergallery spacing remains intact for 002 spacing
it can be ruled out that complete exfoliation of modi-
fied clay or nanocomposite does not takes place but
higher intercalation occurs, which shifts the diffraction

peaks to much lower values. As compared with the
reported values for PANI/MMT29 and polyethoxyani-
line/MMT,30 we notice that in our case higher expan-
sion in the d-spacing is observed (Table II), which con-
firms greater intercalation of POT inMMT galleries.

It can be concluded that the pure organo clay inter-
layer spacing increases with longer surfactant chain
length and with higher surfactant concentration on
the clay surface, which further increases after POT
chain insertion.

The percent increase in the gallery spacing (Fig. 6)
reveals that 16% intercalation takes place in the CTAB
modified MMT, while exfoliation is observed for
CPCl and CSA modified MMT. However, incase of
POT/MMT (Fig. 7) 20 and 45% intercalation is ob-
served for POT/MMT(CTAB) and POT/MMT(CSA),
respectively, while exfoliation is observed for POT/
MMT(CPCl).

TEM studies

The TEM micrograph of MMT shows the presence of
nearly spherical globular MMT particles [Fig. 8(a)]

TABLE II
X-ray d-Spacings of MMT, Surfactant Modified MMT and POT Intercalated

Organically Modified MMT

S. no Sample
Diffraction
angle (2u) d-spacing (0A)

Increase in
d-spacing (0A)

1 MMT 7.345 12 –
2 MMT (CTAB modified) 6.375 13.8 1.8
4 MMT (CSA modified) – – –
5 MMT (CPC modified) – – –
6 POT/MMT (CTAB) 6.110 14.45 2.45
7 POT/MMT (CSA) 5.210 16.94 4.94
8 POT/MMT (CPC) – – –
9 PANI/MMT29 5.9 14.8 5.2

10 PEOA/MMT30 – – 3.9

Figure 6 % Intercalation of Surfactant in MMT. [Color
figure can be viewed in the online issue, which is available
at www.interscience.wiley.com.]

Figure 7 % Intercalation of POT in MMT. [Color figure
can be viewed in the online issue, which is available at
www.interscience.wiley.com.]
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that appear to be dispersed. The morphology reveals
uniform distribution of MMT particles. The average
diameter of the particles is found to be in the range of
60–100 nm, which is reported by some authors as
well.31 The particles are characterized by a typical
raspberry morphology, where the minute silica par-
ticles tend to be distributed throughout the agglomer-
ates.31 Upon modification with surfactant, we find
that the particles size of the modified clay decreases
immensely. The TEM micrograph of MMT/CTAB
[Fig. 8(b)] reveals a nearly granular morphology and
the aggregate size are found to be in the range 30–40
nm. The micrograph reveals nonuniform distribution
of small particles. The TEM image of POT/
MMT(CTAB) nanocomposite [Fig. 8(c)] shows even
smaller particle sizes of 30–35 nm that have an
extremely uniform distribution as well as particle
size. The TEM micrograph of MMT(CSA) [Fig. 8(d)],
however, shows large dense aggregates distributed
uniformly throughout the MMT clay particles having
an average cluster size of 60–80 nm. However the
POT/MMT(CSA) [Fig. 8(e)] shows fine uniform dis-
tribution of particles having a dense spherical aggre-
gates of 100 nm in size. The particle size is found to
be lower than the reported PANI/MMT and PEOA/
MMT nanocomposites.29,30

Hence it can be concluded that the internal struc-
ture of the nanocomposites is strongly influenced by

the clay structure and the intercalated polymer. In
our case uniform morphology as well as smaller par-
ticles size is obtained incase of all the POT/MMT
nanocomposites exhibiting a well intercalated poly-
mer/clay structure as confirmed by UV as well as
XRD analysis.

SEM analysis

The SEM micrograph of MMT [Fig. 9(a)] exhibits clus-
ters of fine clay particles. Upon surfactant modifica-
tion, MMT shows a dramatic improvement in the
morphology of the clay particles. The SEM micro-
graph of MMT/CTAB [Fig. 9(b)] reveals a rough
granular morphology showing large loosely packed
fused grains forming fluffy agglomerates while SEM
micrograph of POT/MMT(CTAB) [Fig. 9(c)] reveals
bright flaky aggregates that are densely packed. The
SEM micrograph of MMT/CSA [Fig. 9(d)] shows the
presence of an uneven layered structure forming inti-
mate, dense, and granular agglomerate. However, the
morphology of POT/MMT(CSA) [Fig. 9(e)] exhibits
the formation of a fused well organized layered mor-
phology having flaky structures.

It can be concluded that the variation of morphol-
ogy of the nanocomposites, is predominantly gov-
erned by the nature of the oxidant used, which influ-
ences conformation of POT chains in the MMT layers.

Figure 8 TEM micrographs of (a) MMT, (b) MMT(CTAB), (c) POT/MMT(CTAB), (d) MMT(CSA), (e) POT/MMT(CSA).
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CONCLUSIONS

Nanocomposites of MMT with POT were successfully
synthesized. FTIR spectra confirmed the possible
interaction between MMT and anionic, cationic sur-
factants as well as polymerization of POT in the MMT
galleries. The XRD as well as morphological results
inferred that modification of MMT as well as interca-
lation of POT into the MMT galleries was found to be
dependent of the alkyl chain length, size, and charge
of the surfactant. Uniform, intimately packed, layered
morphologies were obtained in case of POT/MMT
nanocomposites. The control drug release studies by
these nanocomposites are in progress in our labora-
tory and will be published soon.
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