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ABSTRACT: A series of composite latexes have been synthesized by seeded emulsion (co)polymerization of
styrene and butyl acrylate in the presence of Laponite clay particles previously functionalized by ion exchange
with a free radical initiator: 2,2-azobis(2-methylpropionamidine) hydrochloride (AIBA). Since the AIBA/Laponite
intercalation complexes settled down in water immediately after cation exchange, a set of experiments was first
carried out in order to establish the conditions required to obtain stable aqueous dispersions of organically modified
Laponite. Dynamic light scattering (DLS) and small-angle X-ray scattering (SAXS) were used to monitor the
evolution of particle size and analyze the properties of the aqueous suspensions as a function of the amount of
intercalated cation. A series of composite latexes were then prepared by emulsion polymerization using the
organoclays as seeds. The composite particles were characterized by cryo-transmission electron microscopy (cryo-
TEM), and a particular effort was devoted to analyze the effect of the Laponite modification level on particle
morphology.

Introduction

During the past 10 years, there has been an increased interest
in the synthesis of polymer nanocomposites characterized by
inorganic particles dispersed into polymeric matrices.1-5 Since
the optical, thermal, rheological, and mechanical properties of
these materials strongly depend on the techniques used for their
elaboration, a variety of synthetic strategies have been reported
worldwide with the aim to control dispersions of the inorganic
filler within the host polymer. Among the wide range of
nanostructured materials, efforts have focused in recent years
on the elaboration of polymer-layered silicate (PLS) nanocom-
posites using natural and synthetic clay minerals.6-9 Again,
considerable effort has been made to develop synthetic methods
that allow precise control over the composite’s nanostructure.
Three main routes are currently reported: exfoliation/adsorption,
in-situ intercalative polymerization, and melt intercalation. All
three strategies usually require pretreatment of the clay mineral
in order to improve its compatibility with the polymer matrix
and achieve a good dispersion. This can be realized for instance
by treating the clay with silane coupling agents as demonstrated
in recent works from our group.10,11 Organic compounds can
also be incorporated into the interlayer galleries through an ion
exchange process. Ion exchange reactions with cationic surfac-
tants including primary, tertiary, and quaternary ammonium ions
render the silicate surface hydrophobic, which makes possible
the subsequent intercalation of a variety of monomers and/or
polymers. Alternatively, the alkylammonium cations can provide
functional reactive groups (e.g., monomers, initiators, catalysts,

etc.) that can participate in the polymerization and promote
exfoliation of the clay layers.

There has been a great number of reports on the synthesis of
nanocomposites by in-situ intercalative polymerization.12-18

However, these approaches mainly produce polymeric solutions
of exfoliated clay sheets and do not give rise to particles. Thus,
attempts to synthesize PLS latexes through emulsion polymer-
ization have been recently described in the open literature.19-31

This heterophase polymerization process offers many advantages
compared to solution or bulk polymerizations such as a low
viscosity of the suspension medium, high polymer molecular
weights, and the possibility to control particles morphology. In
addition, the latex route seems particularly well suited in order
to produce homogeneous dispersions of clay minerals into
polymer matrices by taking advantage of the swelling behavior
of clay platelets in water. Finally, it is worth reminding that
emulsion polymers can find applications in a variety of domains
including waterborne adhesives, paints, and coating formula-
tions. However, to the best of our knowledge, there exist only
few reports dealing with the incorporation of ion-exchanged
clays into emulsion polymers. In one of these reports, Me-
neghetti and Qutubuddin31 described the synthesis of PMMA-
clay nanocomposites via emulsion polymerization at 60°C using
Montmorillonite (MMT) functionalized by either a zwitterionic
surfactant (octadecyldimethylbetaine), a cationic surfactant
(benzalkonium chloride), or an anionic surfactant (sodium
dodecyl sulfate) through ion exchange. They showed that the
nanoparticles morphology and the latex properties were both
affected by the nature of the interaction between the surfactant
and the clay surface. In a related work, Choi et al.19 reported
the synthesis of PMMA/Na-MMT nanocomposites through
emulsion polymerization of methyl methacrylate (MMA) using
2-acrylamido-2-methyl-1-propanesulfonic acid (AMPS) or so-
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dium dodecylbenzenesulfonate as surfactants. Both surfactants
were intercalated into the Na-MMT layers. The organoclay was
then dispersed into water before polymerization. When AMPS
was used as surfactant, the clay platelets were exfoliated during
polymerization as evidenced by TEM analysis. However, no
mention was made of the morphology of the resulting nano-
particles.

In this paper, we hereby report the synthesis of poly(styrene-
co-butyl acrylate)/Laponite nanocomposite latexes through
emulsion polymerization. Laponite was functionalized by ion
exchange with a cationic initiator (AIBA) which role is to
promote polymer chains growth at its surface. In our previous
works, we have shown that the resulting particles mainly
consisted of latex spheres recovered by exfoliated clay sheets.11,32

To gain insight into the parameters of the process that allows
controlling the particles (nano)structure, we aim in this report
to investigate in more depth the influence of the level of
modification of Laponite on the morphology of the poly(sty-
co-BuA)/Laponite composite particles and on the colloidal
stability of the resulting suspensions. To that purpose, Laponite
clay platelets were modified by AIBA at three different
concentrations, e.g., below the cation exchange capacity (CEC)
of the clay, around the CEC, and above the CEC. The
organoclays were dispersed into water, and the resulting
suspensions were used as seeds to produce the composite latexes.

Experimental Procedures

Materials. The synthetic clay selected in this study was Laponite
RD (Rockwood Additives Ltd.). The monomers, styrene and butyl
acrylate (from Aldrich), were distilled in a vacuum before use to
remove the inhibitor. The 2,2-azobis(2-methylpropionamidine)
hydrochloride cationic initiator (AIBA,Mw ) 271.2 g mol-1, Acros
Organics), the surfactant sodium dodecyl sulfate (SDS, Acros
Organics), and the peptizing agent tetrasodium pyrophosphate
(Na4P2O7, Sigma Aldrich) were used as supplied. The water was
purified using a Milli-Q Academic system (Millipore Corp.)
(conductivity 18.2µS and pH 6.8).

Methods.(a) Organic Modification of Laponite.The organoclays
were prepared from Laponite RD by cation exchange using 2,2-
azobis(2-methylpropionamidine) hydrochloride (AIBA) as organic
cation at three different concentrations corresponding to 57%, 118%,
and 200% the CEC of Laponite, respectively. The resulting
intercalation complexes will be hereinafter referred to as AIBA-
Lap-57, AIBA-Lap-118, and AIBA-Lap-200. In a typical experi-
ment, the cation exchange was carried out as follows: 2 g of Na+-
Laponite was added to 200 mL of deionized water and stirred for
∼3 h until the obtention of a free-flowing and transparent
suspension. Then, the required amount of AIBA, calculated on the
basis of the CEC value of Laponite and theMw of AIBA (Table
1), was added to the clay suspension under magnetic stirring. The
mixture was stirred at room temperature for 24 h. The resulting
white precipitate was isolated by filtration, and the supernatant
solution was analyzed by chemical titration to determine the residual
AIBA concentration. The adsorbed amount was deduced by
difference between the initial and the residual AIBA concentrations
as reported previously.32

(b) Aqueous Dispersions of Ion-Exchanged Laponite.Redisper-
sion was performed by adding directly known amounts of SDS
and Na4P2O7 to the clay precipitate. The dispersions were stirred

magnetically for 48 h, and their size was determined by dynamic
light scattering (DLS). A series of experiments were performed in
order to evaluate the effect of the concentration of the peptizing
agent and of the agitation time on the organoclay particles size for
different AIBA concentrations.

(c) Seeded Emulsion Polymerization Using the Ion-Exchanged
Laponite Particles as Seeds.Emulsion polymerization was carried
out in a 250 mL three-necked double-wall reactor equipped with a
condenser, a nitrogen inlet tube, and a stirrer. In a typical
experiment, butyl acrylate (7 g) and styrene (3 g) were introduced
into 100 g of the aqueous suspension of ion-exchanged Laponite
(1 g) containing the surfactant (SDS, 2 g L-1) and the peptizing
agent (Na4P2O7, 1 g L-1). The emulsion was sonicated for 2 min
using a Bransson W450 digital sonifier (95% output power). The
final mixture was introduced in the reactor and deoxygenated by
heating to 70°C while purging with nitrogen. This was considered
to be the beginning of polymerization.

Characterizations. A JEOL JCXA 733 electron microprobe
analyzer (EPMA) was used to determine the carbon content of the
supernatant solutions after cation exchange. Small-angle X-ray
scattering (SAXS) studies were performed at the bending magnet-
based anomalous diffusion and diffraction beamline BM02-D2AM,
at the European Synchrotron Radiation Facility (ESRF) in Grenoble,
France. For liquid samples, the analysis was performed on dilute
(10 g L-1) aqueous suspensions using low-density polyethylene
insulin syringes of 0.5 mL. A 3 mmdiameter hole was drilled close
to the basis and perpendicular to the long axis of each syringe and
then sealed by an adhesive polyimide Kapton film. The data were
collected as reported previously.10 For cryomicroscopy observations,
the hybrid nanoparticles were observed embedded in a thin film of
vitreous ice, using Philips CM200 cryo-transmission electron
microscope (cryo-TEM) according to a procedure described
elsewhere.33-35 The diameters of the organically modified Laponite
clay particles and of the polymer latexes were measured by dynamic
light scattering (DLS) using a Malvern Autosizer Lo-C instrument
with a detection angle of 90°. Monomer conversions were
determined gravimetrically. Typically, 3-7 g of the latex suspension
was placed in an aluminum dish and dried to constant weight at
110 °C.

Results and Discussion

Intercalation of AIBA into Sodium Laponite. The clay used
in the present work is Laponite RD. Laponite is a trioctahedral
2:1 layered silicate structurally related to the naturally occurring
hectorite but free from the extraneous elements which are
normally present in samples of that mineral. Since Laponite is
a cationic exchanger, organic cations adsorb on the negative
charges that are present in the clay structure. Source of negative
charges in Laponite are both from isomorphic substitution
(permanent charges) and broken edges (pH dependent). Iso-
morphic substitution is due to substitution within the lattice
structure of lithium ions by magnesium ions. The edges of
Laponite particle are pH dependent due to the presence of
amphoteric groups (MgOH, LiOH, and SiOH). These surface
groups may be protonated or deprotonated depending on the
pH value of the surrounding solution. While MgOH and LiOH
are positively charged below pH) 9, SiOH groups are
negatively charged.36-39 The amount of negative charges,
defined as the cation exchange capacity of the clay (CEC), is
one of the fundamental properties of clay materials. In the case

Table 1. AIBA Adsorption onto Laponitea

samples
CAIBA added

(mmol L-1
water)

CAIBA added
(mmol g-1

Laponite)
CAIBA

(% of CEC)
CAIBA free

(mmol L-1
water)

CAIBA adsorbed
(mmol g-1

Laponite)

AIBA-Lap-57 2.14 0.214 57 0.05 0.209
AIBA-Lap-118 4.42 0.442 118 0.88 0.354
AIBA-Lap-200 7.52 0.752 200 3.79 0.373

a [Laponite] ) 10 g L-1
water.
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of Laponite, it is equal to 0.75 mequiv g-1.39 It should be noticed
that the edge charges represent less than 10% of the CEC of
the mineral.39

The cation-exchange was carried out using 2,2-azobis(2-
methylpropionamidine) hydrochloride (AIBA) as cationic initia-
tor. Note that as this molecule carries two positive amidinium
charges, 1 equiv of AIBA can potentially exchange two sodium
cations. When the aqueous solution of AIBA was added to the
aqueous clay suspension, an immediate flocculation of the clay
particles was observed which enabled the easy determination
of the residual cation concentration in the upper supernatant
solution. An additional centrifugation of the clay suspension
was performed in order to ensure a complete phase separation.
The amount of AIBA electrostatically bonded to the clay surface
was determined by chemical titration of the supernatant solution
(Table 1). At loadings below the CEC of the clay (AIBA-Lap-
57), almost the totality of AIBA was adsorbed onto Laponite
(there was no free AIBA in solution). When the loading was
increased to values close to the CEC (AIBA-Lap-118) or greater
than the CEC (AIBA-Lap-200), the adsorbed amounts increased
to values corresponding to full exchange of the sodium cations.
Note that the use of an excess of AIBA (AIBA-Lap-200) had
only a minor effect on the extent of adsorption.

Aqueous Dispersions of Organically Modified Laponite.
It is known that at moderate concentration and low ionic
strength, Laponite completely exfoliates in aqueous solutions.40

In contrast, the ion-exchanged Laponite samples are strongly
aggregated and no longer swell in the presence of water. This
behavior suggests that the hydration of the intercalated cation
is too small to overcome the van der Waals attraction energy
between the unit layers. However, in a previous article, we have
demonstrated that a stable aqueous clay suspension was neces-
sary to produce stable latexes.11 Therefore, a set of experiments
was carried out in order to establish the conditions required to
obtain stable aqueous dispersions of organically modified
Laponite for different levels of organic modification. All
dispersions were prepared at a fixed clay concentration of 10 g
L-1 under magnetic stirring. In the case of the AIBA-Lap-57
sample, no precipitate was found, and instead, we observed the
formation of a viscous gel. In contrast, precipitation occurred
in the case of the AIBA-Lap-118 and the AIBA-Lap-200
samples. Note that in every case no particle size could be
determined by DLS. From these results, it was clear that
additional effort was needed in order to achieve an acceptable
level of dispersion of the organoclay in water.

The quality of the dispersions could be significantly improved
by introducing a peptizing agent in the suspension. Com-
mercially, peptizers are added to raw Laponite powders in order
to retard clay aggregation when the latter is suspended in water
(giving rise to the so-called “sol grade”). These molecules are
generally multivalent ion salts that bind specifically to the edges
of the Laponite platelets. In the case of tetrasodium pyrophos-
phate (Na4P2O7), which was the peptizer used in our study, this
tetravalent negatively charged ion adsorbs onto the positively
charged rims and thereby effectively screens the rim charge. A
set of aqueous dispersions of AIBA-Lap-118 with a clay
concentration of 10 g L-1 and different concentrations of
Na4P2O7 was prepared and characterized by DLS (Figure 1).
As expected, the results indicate that the aggregation is strongly
reduced or inhibited by the addition of the peptizing agent. It
must be pointed out that the higher the Na4P2O7 concentration
between 0 and 1.5 g L-1, the smaller the particles size. However,
no effect was observed at higher concentrations.

To go one step further, a kinetic study on the evolution of
the particle size of ion-exchanged Laponite as a function of the
agitation time was performed in order to reach the smallest size
as possible. A series of AIBA-Laponite complexes were
dispersed in water at the concentration of 10 g L-1. According
to the previous results, the aqueous suspensions were prepared
by adding 1 g L-1 of Na4P2O7, which corresponds to the
minimum peptizer concentration for which we observed a
significant decrease in particle size (in order to avoid a too high
ionic strength). In addition, in this series of experiments, the
suspensions were sonicated for 120 s at 90% output power to
promote clay exfoliation. Figure 2 shows the evolution of the
average particle diameter vs the agitation time for increasing
AIBA loadings. In the case of the AIBA-Lap-57 sample, the
particle size decreased down to about 50 nm after only 1 day
of agitation. This result is quite satisfactory if we consider that
the particle size of raw Laponite is∼30 nm. In contrast, the
AIBA-Lap-118 sample needs more time to achieve a constant
particle size (3 days), and the final value was higher than for
the AIBA-Lap-57 sample (ca. 90 nm). Since in this case the
AIBA concentration was slightly higher than the CEC of
Laponite, the anionic surface charges of the clay were com-
pletely neutralized which rendered clay redispersion much more
difficult. The particle size of the intercalated Laponite clay
samples containing the highest AIBA concentration (AIBA-Lap-
200) could not be determined by DLS after 3 days of agitation
even after ultrasonication of the clay suspension. Particle size
decreased progressively with time and reached a minimum value
of ∼200 nm after 125 h (e.g., around 5 days).

In summary, we considered that the optimal particle size of
10 g L-1 aqueous dispersions of AIBA-intercalated Laponites
was reached in the presence of 1 g L-1 of Na4P2O7 at room
temperature and after 1, 3, and 5 days of magnetic agitation for

Figure 1. Effect of the Na4P2O7 concentration on the average particle
diameter of 10 g L-1 aqueous dispersions of AIBA-Lap-118.

Figure 2. Evolution of the average particle diameter as a function of
the agitation time of a series of AIBA-Laponite suspensions with
increasing levels of modification.

Macromolecules, Vol. 39, No. 26, 2006 Polymer/Laponite Composite Colloids9179

CDV



AIBA-Lap-57, AIBA-Lap-118, and AIBA-Lap-200, respec-
tively.

Synchrotron SAXS. Further insights into the structure of
the organically modified Laponite suspensions elaborated under
optimal conditions and increasing AIBA concentrations were
provided by synchrotron SAXS. The derived plots of log(I) vs
log(q) for ion-exchanged and raw Laponites (not shown here)
exhibit a slope close to-2 at highq values, but in a limited
scattering range (betweenq ) 4 × 10-2 up to about 0.3 Å-1),
which is consistent with the dispersion of lamellar particles with
random orientation. Therefore, the SAXS data were analyzed
using expressions derived by Guinier and Fournet.41 In the case
of AIBA-functionalized Laponite suspensions, the values of the
slope of the scattering curves are comparable but become steeper
with increasing AIBA loadings. A similar behavior has been
observed for high Laponite concentrations.42 The theory consid-
ers that the scattering intensity per unit volume,I(q), produced
from a two-phase system under dilute conditions (which means
that the structure factor arising from interference effects may
be neglected) is given by

whereq is the scattering vector defined asq ) 4π sin θ/λ, λ is
the incident wavelength,θ is the half of the scattering angle,φ

is the volume fraction of the particles in the solution,F1 is the
electron density of the particle,F2 is the electron density of the
surrounding medium, andP(q) is the particle form factor. For
randomly oriented platelets of widthT, the factorP(q) can be
written as

It follows

According to eq 3, a plot of experimental log[I(q)q2] vs q2 data
is a straight line, with a slopem related to the thickness value
by43

The Guinier plots presenting the change of log[I(q)q2] vs q2

plots for raw and intercalated Laponites are shown in Figure 3.
The values ofT were calculated in theq range indicated. In
this region, we can assume thatS(q) ) 1 and that the scattering
intensity is determined solely by the form factor,P(q), which
is function of the particle dimensions (size and shape). The
results are shown in Table 2.

The thickness obtained for raw Laponite by this analysis is
in good agreement with the data published by Ramsay,44 who
found for this system particles with an approximate thickness
of 10 Å. In the case of the organically modified Laponite
samples, the slope increases with increasing AIBA loading, thus
indicating an increase in the thickness of the scatterering
platelets. As mentioned above, once AIBA molecules are
introduced in the Laponite suspensions, these organic cations
can interact with the surface of Laponite and form interlayer
complexes.45 The values forT correspond to an average of two
or three clay platelets (each of 1 nm of thickness) separated by
AIBA molecules of 4 nm thickness. The higher particle
thickness is exhibited by the AIBA-Lap-200 system. These

results clearly illustrate the effect of the cation exchange on
the structure of the clay platelets in aqueous suspensions and
are in qualitative agreement with the dynamic light scattering
measurements shown above.

At lower q values, the log[I(q)q2] vs q2 plots exhibit a
maximum, corresponding to an interparticulate distance or
correlation distance,d*. This interpretation was previously given
by several authors,46-48 and we calculatedd* on the basis of
the phenomenological use of the Bragg equation. The scattering
vector in SAXS is given byq ) (4π/λ) sin(θ) andλ ) 2d sin-
(θ), leading tod* ) 2π/qmax. As shown in Figure 4, the raw
Laponite exhibits a peak in the Kratky plot (log[I(q)q2] vs q) at
q ≈ 0.051 Å-1. After cation exchange, this peak shifts to lower
q values, indicating an increase in the interparticulate distance.
This should be related to a decrease of the number of platelets
as a consequence of intercalated AIBA.

I(q) ) ∆F2
φP(q) ) (F1 - F2)

2
φP(q) (1)

P(q) )
I0

q2
exp(- T2q2

12 ) (2)

I(q)q2 ∝ exp(- T2q2

12 ) (3)

T ) x-12m ln(10) (4)

Figure 3. Plot of log I(q)q2 vs q2 for raw and modified Laponite: (a)
Laponite RD, (b) AIBA-Lap-57, (c) AIBA-Lap-118, and (d) AIBA-
Lap-200. The dotted line shows theq range used for the determination
of the platelet thickness with Guinier’s law (solid gray lines).

Table 2. Guinier Thickness of Raw Laponite Solutions and of
AIBA -Laponite Intercalation Complexes Solutions Containing

Increasing Amounts of AIBA

sample
CAIBA adsorbed

(mmol g-1
Laponite) slope (m) T(Å)

Laponite RD 0 -16 12
AIBA-Lap-57 0.21 -22 17
AIBA-Lap-118 0.35 -26 24
AIBA-Lap-200 0.37 -30 32

Figure 4. Plot of I(q)q2 vsq in the lowq range for raw and organically
modified Laponite: (a) Laponite RD, (b) AIBA-Lap-57, (c) AIBA-
Lap-118, and (d) AIBA-Lap-200. All samples, including Laponite RD
with no tactoids, display a correlation peak.
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The values ofd* are shown in Table 3. Again, this result
suggests that the scattering objects are made of stacks of
individual platelets when the Laponite is modified since a
complete exfoliated situation would lead to a higher number of
platelets with smaller interparticle distances. Similar results have
been observed in the case of Montmorillonite intercalated with
hexadecyltrimethylammonium ions.49

To go one step further, we followed the evolution ofT and
d* in the same plot in order to describe the state of dispersion
of Laponite RD in water. Figure 5 displays the evolution of
d*3 with T. In perfectly diluted conditions, the volume fraction
æv should be related to the average volume of a plateletVm and
the interdistance plateletd* by

Thus, the plot of (d*)3 vs T should exhibit a straight line. This
is the case only in the high exfoliation limit and should be
verified at much lower clay concentrations.

Indeed, the slope of thed*3-T plot can be related to the
characteristic surfaceπR2/æv ∼ 2πR2/æm. The corresponding
value of R is much lower than the expected radius of the
Laponite disks, thus indicating that an orientation correlation
of neighboring platelets is present at this Laponite concentration
(10 g/L). Such orientation correlation is indeed one of the key
features of several models for clay suspensions.47 This can also
be deduced from the absolute value ofd* (see Table 2), which
is comparable to, but lower than, the lateral size of Laponite
disks (300 Å). More structural investigations at lower concentra-
tions are thus needed to verify the parameters to be introduced
in eq 5.

Nanocomposite Latexes.AIBA-functionalized Laponite
particles prepared under the optimal conditions described earlier
were used as seeds to synthesize a series of nanocomposite
latexes. As described in a previous work,11 sonication resulted
in the formation of a milky suspension that remained stable for
several hours. However, attempts to determine the droplet

diameter by DLS were unsuccessful suggesting only a limited
stability of the resulting “mini”emulsion. The emulsion was
introduced into the reactor and bubbled with nitrogen for 10
min before increasing the temperature to 70°C to start
polymerization. In all cases, a milky white dispersion with no
evidence of any macroscopic precipitation was obtained, in
contrast to preliminary experiments performed using a conven-
tional emulsion polymerization recipe. Full conversions were
achieved in a short period of time (around 30 min) and with a
good reproducibility. The resulting latexes will be referred
hereafter to as NL-AIBA-57, NL-AIBA-118, and NL-AIBA-
200, respectively.

Figure 6 shows cryo-TEM images of individual NL-AIBA-
57 spherical nanoparticles, with a diameter ranging from 30 to
70 nm and a relatively narrow size distribution. Dark “filaments”
are observed on the surface of some particles. As explained in
a previous paper,10athey correspond to Laponite crystallites seen
edge-on with respect to the observation direction and exhibiting
a strong diffraction contrast. Laponite platelets with a different
orientation do not generate much contrast and can hardly be
detected in the images. On the largest particles, a faceting effect
is clearly observed, likely induced by the rigidity of the clay
platelets. The fact that this faceting is only observed on some
parts of the particles strongly suggests that the covering of the
surface is only partial. Nevertheless, it appears that only a few
modified Laponite crystallites contain enough AIBA molecules
to initiate the polymerization of monomers and generate a
polymer latex particle.

Cryo-TEM micrographs of NL-AIBA-118 nanocomposite
particles are shown in Figure 7. Three different populations of
particles corresponding to different diameters are observed. The
smallest (∼40 nm) polymer particles seem to have very few
Laponite platelets on their surface. A larger number of clay
platelets are seen on 60-80 nm nanospheres, but the covering
is still partial. Finally, bigger and darker particles (>100 nm)
appear to be continuously covered by Laponite. Their shape is

Table 3. Location of the Maximum of the Scattering FactorS(q) and
Corresponding Interparticle Distances as a Function of the Laponite

Treatment

sample
CAIBA adsorbed

(mmol g-1
Laponite) q (Å-1) d (Å)

Laponite RD 0 0.052 121
AIBA-Lap-57 0.21 0.045 140
AIBA-Lap-118 0.35 0.042 150
AIBA-Lap-200 0.37 0.041 155

Figure 5. Evolution of the characteristic distance between platelets in
the solutiond* (calculated from the position of the correlation peak)
vs the width of the plateletsT in the case of Laponite suspensions (data
from Tables 1 and 2).

æv ≈ νm/(d*) 3 ) πR2T/(d*) 3 (5)

Figure 6. Cryo-TEM images of NL-AIBA-57 nanocomposite particles
(scale bars: 100 nm). The arrows indicate a faceting effect induced by
the rigidity of Laponite platelets seen edge-on with respect to the
observation direction.
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not always perfectly spherical (Figure 7a), either because of
some deformation undergone in the liquid film during prepara-
tion or because of some rigidity locally induced by the Laponite
surface. In some cases, small (30-50 nm) polymer nanospheres
seem to have developed on the outer clay surface of the larger
particles.

Figure 8 shows the morphology of the NL-AIBA-200
particles. By comparison with the NL-AIBA-118 sample, the

covering of polymer particles is only partial and rather
heterogeneous. A new population of objects is observed showing
polymer particles developing on both faces of the Laponite
platelets (Figure 8b). Finally, it is worth mentioning an increase
in both the population of small particles without modification
and in the concentration of impurities.

Effect of AIBA Loading. As clearly seen from the cryo-
TEM images, the distribution of Laponite at the surface of the
latex particles and the resulting morphology strongly depend
on the amount of AIBA that is initially introduced in the clay
suspension. A close inspection of the hybrid particles obtained
in the different situations allowed us to propose the following
scenarios to account for the different morphologies.

First, it should be pointed out that when AIBA is introduced
in the clay suspension, a sudden increase in the ionic strength
and the rapid neutralization of the surface charges of Laponite
promote the formation of small tactoids made of three or four
clay sheets stacked together as supported by SAXS analysis.
Therefore, it can be assumed that in the very first seconds after
the addition of AIBA, agregation takes place in such a way
that the AIBA molecules can no longer have access to the clay
interlayer region. AIBA thus selectively adsorbs on the external
surface of the tactoids, as schematically illustrated in Scheme
1. However, after redispersion into water by sonication,
deagglomeration of the clay tactoids may liberate new surfaces
in such a way that readsorption can take place on these freshly

Figure 7. Cryo-TEM images of NL-AIBA-118 nanocomposite particles
(scale bars: 100 nm).

Figure 8. Cryo-TEM micrographs of NL-AIBA-200 nanocomposite
particles (scale bars: 100 nm). The arrows indicate objects corresponding
to the association of two polymer particles that have developed on both
faces of Laponite platelets.

Scheme 1. Scheme Illustrating the Possible Relationship
between the Cation Exchange Process and Particles

Morphology: (a) AIBA Concentrations below the CEC and (b)
above the CEC
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exposed surfaces, including the interlamellar region of the clay
particles as represented in Scheme 1a. However, this supposes
that AIBA adsorption does not take place on two adjacent clay
layers as this would result in pinning of the clay stacks which
process would be irreversible. Nevertheless, the possibility that
some clay layers are chemically linked together by the AIBA
molecules cannot be completely excluded at the present time,
and this hypothesis may account for the remaining presence of
some large clay aggregates after redispersion into water. At
loadings below the CEC of the clay (AIBA-Lap-57), all of the
AIBA cations have already been associated with the clay surface,
and no free molecules are available to readsorb into the
interlayer region (Scheme 1a). Consequently, the clay platelets
are selectively functionalized on only one side. The polymer
latex particles are thus expected to grow from the side of the
clay platelets onto which the AIBA molecules had been
selectively adsorbed. This assumption is supported by the cryo-
TEM observations (Figure 6). In the case of AIBA-Lap-118
and AIBA-Lap-200, the presence of free AIBA enables read-
sorption to take place into the interlamellar region of the clay
particles after sonication and redispersion into water. Therefore,
in these particular situations, we observed a new population of
dumbbell-like composite latex particles characterized by clay
platelets sandwiched between two polymer spheres that have
grown from the opposite sides of Laponite (Scheme 1b).
According to this scenario, the higher the AIBA concentration,
the more important is the probability to observe this last type
of sandwich morphology, in agreement with cryo-TEM obser-
vations (Figures 7 and 8).

In addition to differences in particle morphology, cryo-TEM
images also show differences in particle size and size distribution
that cannot be explained by the above scenario. While the
particles synthesized using AIBA-Lap-57 are rather monodis-
perse, those produced from the AIBA-Lap-118 or AIBA-Lap-
200 intercalation complexes are much more polydisperse and
exhibit a broader variety of morphologies. In our opinion, the
morphology of the composite particles strongly depends on the
quality of the aqueous clay dispersion involved in the polym-
erization reaction. Indeed, it should be recalled that for low
AIBA loadings the organoclay could be satisfactorily dispersed
into water and displayed an average diameter of ca. 50 nm,
which value is close to the diameter of fully exfoliated Laponite.
In contrast, when the amount of AIBA was increased, the
particle size and size distribution of the organoclay got broader
with average diameters of ca. 105 and 180 nm for Lap-AIBA-
118 and Lap-AIBA-200, respectively. As evidenced by SAXS
analysis, these suspensions are made up of stacky aggregates
of clay layers. It is noteworthy that the larger the Laponite
particle size, the larger the size and size distribution of the
composite particles. On the basis of these observations, it can
be assumed that there is a relationship between the state of clay
dispersion and particle morphology. Let us describe in more
detail what is taking place in the present system. Polymerization
starts in the aqueous phase through the decomposition of the
initiator moieties attached to the clay surface. The growth of
the oligomeric radical then proceeds at the surface of Laponite
by the addition of monomers dissolved in water and propagation
of radicals. In the case of the NL-AIBA-57 nanocomposites,
the Laponite particles are well dispersed, and separation of the
Laponite layers allows the particles to grow from the individual
clay sheets, thus resulting in a small increment of particles size.
However, in the case of NL-AIBA-118 and NL-AIBA-200
where there are big aggregates present in the suspension at the
beginning of polymerization, the growth of polymer particles

at the surface of these aggregates results in the formation of
larger particles, as illustrated in Scheme 2. The particle size
distribution and the variety of morphology thus seem to be
related to the diversity of aggregation states which are present
in the clay suspension.

Conclusions

A series of poly(Sty-co-BuA)/Laponite composite latexes
have been synthesized through emulsion polymerization. The
clay layers were first functionalized by cation exchange of the
sodium ions with a diazoic initiator (AIBA). The ion-exchanged
Laponites containing increasing amounts of AIBA were redis-
persed into water with the help of ultrasound in the presence of
Na4P2O7 and SDS. DLS measurements showed that the lowest
particle size was achieved by stirring the suspension for a period
of time ranging from 1 to 5 days depending on the AIBA
concentration. SAXS analysis revealed that the suspensions were
made of stacky agglomerates containing from three to four
individual platelets. The emulsion polymerization was performed
in the presence of the organoclay which played the role of a
solid initiator. This resulted in the formation of composite latexes
which surface was recovered by the clay platelets. Cryo-TEM
showed that the level of organic modification of Laponite played
an important role in the morphology of the composite particles.
The higher the amount of intercalated AIBA, the larger the size
and size distribution of the clay aggregates and the greater the
diversity of particle morphology.
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