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Effect of silicate layer anisotropy on cylindrical and spherical microdomain
ordering in block copolymer nanocomposites

Ramanan Krishnamoorti,a) Adriana S. Silva,b) and Cynthia A. Mitchell
Department of Chemical Engineering, University of Houston, Houston, Texas 77204-4004

~Received 1 March 2001; accepted 24 July 2001!

The influence of the addition of small quantities of anisotropic layered silicates on the ordering of
block copolymers is studied by a combination of linear viscoelasticity and small angle neutron
scattering. Specifically, we examine the influence of varying the lateral dimensions of
thermodynamically roughly equivalent layered silicates on the development of cylindrical and
spherical microdomain order in a blend of a matched diblock and triblock copolymer. The kinetics
for the development of spheres arranged on a bcc lattice from an initial disordered state are
dramatically accelerated by the two larger layered silicates with equivalent diameters of;1 and 10
mm, while the incorporation of an organically modified laponite, with an equivalent diameter of
;30 nm, has no influence on these kinetics. On the other hand, the addition of layered silicates,
irrespective of layer dimensions, has no influence on the development of cylindrical ordered
microdomains and the epitaxial transformation of shear-aligned cylindrical microdomains to
spherical microdomains. ©2001 American Institute of Physics.@DOI: 10.1063/1.1403004#
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INTRODUCTION

In the previous paper we reported on the ability of
highly anisotropic;1 nm thick layered silicate~organically
modified montmorillonite! to influence the ordering of mi
crophase segregated block copolymers into hexagon
packed cylinders and spheres arranged on a bcc latt1

There we demonstrated that the silicate layers~or even tac-
toids of silicate layers, i.e., collections of silicate laye
stacked parallel to each other! of an organically modified
montmorillonite with a preferential attraction for the polyst
rene block in a blend of a matched polystyren
poly~ethylene–butene-1!-polystyrene ~PS-PEB-PS! and its
corresponding PS-PEB diblock copolymer,2,3 was capable of
templating spheres organized on a bcc lattice and dram
cally enhanced the ordering kinetics of the spherical orde
from a disordered state. However, the same layered sili
had negligible influence on the cylindrical ordering of t
same block copolymer system. It was suggested previo
that the silicate layers were capable of organizing thr
dimensional structures whose leading dimensions were m
smaller than the lateral dimensions of the layers and t
were capable of templating the spherical microdomains,
not the long cylindrical microdomains. In this paper we r
port on the influence of the lateral dimensions of the laye
silicate on the templating and mesoscopic ordering of cy
drical and spherical microdomains of a block copolymer,
comparing the kinetics of ordering for systems filled w
three different layered silicates, differing essentially in ter
of their lateral dimensions.2,4

The three organically modified layered silicates we ha
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chosen are laponite, montmorillonite and fluorohectorite w
lateral dimensions of 300 Å, 0.5–1.0mm and 10mm, respec-
tively. All three silicates belong to the class of 2:1 phyllosi
cates or mica-type layered silicates, consisting of two sil
tetrahedra sandwiching an alumina octahedron with a t
layer thickness of 9.5 Å.4,5 The laponite and fluorohectorit
are synthetically produced while the montmorillonite is
naturally occurring silicate, thereby resulting in higher var
tion in terms of the lateral size, shape, and isomorphous s
stitution. For all three layered silicates in consideration he
the isomorphous substitution occurs in the alumina octa
dron resulting in a delocalized effective charge on the surf
of the silicate layers. The laponite and montmorillonite w
a charge exchange capacity~CEC! of 75 and 90 meq/100 g
were modified with dimethyl–dicotadecyl ammonium chai
~2C18L and 2C18M!, while the fluorohectorite with a CEC
of 150 meq/100 g was modified with a trimethyl–octadec
ammonium~C18F!, rendering all the organically modified
layered silicates to be roughly thermodynamically equal
the context of the mean-field theory of Vaia and the se
consistent theory of Balazs and co-workers.2,6,7 The isomor-
phous substitution of the alumina octahedra and the bala
ing of the charges by the ammonium head groups renders
silicate layers with a finite Lewis acid/Lewis base charac
allowing for a favorable interaction with the slightly polar P
and unfavorable with the purely dispersive PEB block.
this paper, we demonstrate that while the larger silicate l
ers ~C18F and 2C18M! accelerate the development of u
aligned spherical microdomains from an initially disorder
state, the addition of an equivalent amount of the sma
layered silicate~2C18L! has practically no effect on the de
velopment of the spherical microdomains. However, as p
viously shown, the addition of layered silicates has a ne
gible effect on the development of cylinders from an init

cal

il:
5 © 2001 American Institute of Physics
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disordered state or of bcc spheres from shear-oriented c
ders.

EXPERIMENT

The block copolymer studied here is a blend of a triblo
copolymer @polystyrene ~PS!–poly~ethylene-co-butene-1!
~PEB!–polystyrene~PS!# and its matched diblock copolyme
~PS–PEB! ~Kraton G 1657 from Shell Chemical Co., used
received!. The molecular weight and microstructure chara
terization, phase behavior, morphology, and linear viscoe
tic behavior along with the characterization of the orde
order ~cylinder to sphere! and order–disorder~sphere to
disorder! transitions have been reported previously.1,8–11

Morphologically, the unfilled block copolymer forms cylin
drical microdomains of PS in a matrix of PEB belo
TOOT(513863 °C), with a diameter of;27 nm and severa
microns long. At temperatures above the OOT, the blo
copolymer forms spherical microdomains of PS with a dia
eter of;23 nm arranged on a bcc lattice. At higher tempe
tures, the block copolymer blend disorders, with an orde
disorder transition temperature (TODT) of 19565 °C.9,10

Three organically modified layered silicates are e
ployed in this study: a dimethyl–dioctadecyl ammoniu
substituted laponite~2C18L! with a CEC of 75 meq/100 g; a
dimethyl–dioctadecyl ammonium substituted montmoril
nite ~2C18M!, with a CEC of 90 meq/100 g and characte
ized extensively in a previous paper,12 and a trimethyl–
octadecyl ammonium substituted fluorohectorite~C18F! with
a CEC of 150 meq/100 g.3,13 The preparation of the nano
composites and the methods of x-ray diffraction, melt st
viscoelastic measurements, transmission electron mic
copy, and small angle neutron scattering are described in
previous paper.1

RESULTS AND DISCUSSION

Structure and dispersion of nanocomposites

The nanoscale structure of the 1 wt.% layered silic
hybrids, as examined by x-ray diffraction (Cu–Ka), is inter-
preted from the results presented in Fig. 1. The C18F-ba
nanocomposite exhibits a well-ordered intercalated struc
with a layer center-to-center distance~h! of 3.1 nm, expand-
ing from the pristine layer center-to-center distance (h0) of
2.3 nm.3 On the other hand, the nanocomposites based
2C18M and 2C18L do not exhibit a peak in the range
diffraction angles studied here, indicating poor long-ran
order. Higher concentration hybrids prepared with 2C181

~and a 10% nanocomposite with 2C18L, not shown here! and
transmission electron micrographs presented next, show
presence of an intercalated structure with a layer cente
center distance of;3.1 nm and a large number of individua
layers and small tactoids with less than five layers. Thus,
conclude that for the case of 1 wt.% 2C18M and 2C18L,
nanoscale dispersion of the layered silicate is that of a di
dered intercalated state and not that of a truly exfolia
nanocomposite.

To further verify the dispersion of the silicate layers
the nanocomposite hybrids, the unstained micrographs
two hybrids containing 1 and 3 wt.% 2C18M are shown
Downloaded 16 Nov 2005 to 129.6.122.161. Redistribution subject to AIP
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Figs. 2~a! and 2~b!, respectively. The micrographs, which a
representative of several tens of micrographs obtained, re
the presence of small stacks of layers~typically less than ten
layers per stack! and the frequent presence of individual la

FIG. 1. X-ray diffraction spectra for the pure 2C18M and the 3 wt.% hybr
The ^001& and ^002& peaks, corresponding to the midplane to midpla
distance of the layered silicate, are shifted to smaller diffraction angles
the hybrid, indicating the intercalation and hence swelling of the interla
galleries. The gallery heights were calculated using Bragg’s lawl
51.54 Å), the measured value of 2u001, and the known thickness of the
individual silicate layers of;9.5 Å.

FIG. 2. Transmission electron micrographs for the 1 and 3 wt.% 2C1
hybrid @~a! and ~b!, respectively#. The samples were not stained and sho
the dispersion of the silicate layers in the polymer matrix. While stacks
the layered silicates are seen and consistent with an intercalated struct
few individual layers are also found to be dispersed in the polymer ma
 license or copyright, see http://jcp.aip.org/jcp/copyright.jsp
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ers dispersed in the matrix of the polymer. In fact, previo
rheological studies of polystyrene–polyisoprene block
polymer and polystyrene homopolymer-based 2C18M na
composites, suggested the percolation of the filler netw
structure for loadings as low as 5 wt.%~for 2C18M!, consis-
tent with the presence of small stacks and the frequent p
ence of individual silicate layers.12,14

Ordering kinetics by linear viscoelastic measurements

The development of cylindrical and spherical order
the block copolymer blend-based nanocomposites is
lowed by melt-state linear viscoelastic measureme
Samples are quenched from the disordered state~typically
220 °C! to either 150 °C to obtain bcc spherical ordering,
to 120 °C to obtain cylindrical microdomain ordering. A
previously described, the order–disorder transition and
order–order transition are only slightly different for th
diblock, triblock, and their blend studied here,1 with all three
nanocomposite samples and the unfilled polymer at 120
150 °C, and 220 °C forming cylindrical microdomains, b
spheres, and disordered states, respectively. Further, by p
ing the kinetics of the formation of cylindrical and spheric
microdomains at identical layered silicate loading~i.e., iden-
tical levels of surface area, if fully exfoliated! and thermo-
dynamically roughly equivalent surfaces, ensures that we
elucidate fundamental ordering behavior and the influenc
flat surfaces on the development of cylindrical and spher
microdomains from such a blend of a matched diblock a
triblock copolymer. The development of order is conv
niently probed using low-frequency isochronal measu
ments, as a result of the large change in the linear viscoe
tic moduli at these low frequencies during the orderi
process.11 In this paper, we focus on the temporal evoluti
of the low-frequency storage modulus as a measure of
development of microdomain order.

The kinetics for the development of bcc spherical ord
ing ~at 150 °C!, starting from an initial disordered state~at
220 °C! for the three nanocomposites with 1 wt.% layer
silicate and the unfilled polymer are shown in Fig. 3. T
unfilled polymer exhibits a sigmoidal growth of th
modulus,15 with a long incubation period and takes;2400
min to fully develop.9–11 On the other hand, the hybrids pre
pared with 1 wt.% 2C18M and C18F, the ordering of sphe
cal microdomains on a bcc lattice occurs rapidly. In the p
ceding paper we demonstrated that for the case of 2C1
the kinetics of growth of bcc spheres saturated beyon
wt.% layered silicate.1 However, for the 1 wt.% 2C18L nano
composite, the ordering kinetics appear to be unaffected
the addition of the layered silicate—the long incubation tim
and the sigmoidal growth are similar to that of the unfill
polymer.

On the other hand, the kinetics for the development
the cylindrical ordering~at 120 °C! starting from an initial
disordered state~at 220 °C! are shown in Fig. 4 and are vir
tually identical for the unfilled polymer and the three nan
composites. These results are similar to that observed p
ously for nanocomposites with differing levels of 2C18
incorporation, where the development of cylindrical orderi
Downloaded 16 Nov 2005 to 129.6.122.161. Redistribution subject to AIP
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was found to be independent of silicate loading and sim
to that of the unfilled polymer.1

The dramatic acceleration in the development of
spherical microdomains on a bcc lattice can be argued
result from the availability of heterogeneous nucleation s
provided by the silicate layers. However, since the silic
layers have an identical layer thickness and roughly the s
physical density, the surface area per unit mass is virtu
identical for all three layers~;800 m2/g!, suggesting that the
kinetics should be roughly similar for all three nanocompo

FIG. 3. Temporal evolution of the storage modulus (G8) ~v50.03 rad/s,
g050.015! for the growth of spherical microdomains at 150 °C from a
initial disordered state at 220 °C for the unfilled polymer and the 1 w
filled hybrids. Samples are typically equilibrated thermally to with
60.1 °C in 10 min. Significantly enhanced ordering kinetics are obser
for the C18F and 2C18M hybrids and are thought to result from the te
plating of the spherical microdomains by the highly anisotropic laye
silicates with effective disk diameters of;10 and 0.5–1mm, respectively.
On the other hand, the hybrid with 1 wt.% 2C18L, with a disk diameter
30 nm and comparable to the spherical microdomain diameter, exhibit
enhancement in the ordering kinetics.

FIG. 4. Temporal evolution of the storage modulus (G8) ~v50.01 rad/s,
g050.015! for the growth of cylindrical microdomains at 120 °C from a
initial disordered state at 220 °C for the unfilled polymer and the 1 w
filled hybrids. The kinetics for the development of cylindrical microdoma
are essentially unaffected by the presence of the layered silicate.
 license or copyright, see http://jcp.aip.org/jcp/copyright.jsp
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ites. In fact, due to the higher level of layer disorder in t
laponite~2C18L! based nanocomposite, as compared to
intercalated fluorohectorite~C18F! case, a larger fraction o
the available silicate layer area is exposed to the polym
Thus, if the acceleration in kinetics were exclusively a res
of the presence of heterogeneous nucleation sites, it w
be expected that the kinetics should be fastest for the 2C
hybrids. Further, as argued in the Introduction, due to
similarity of the effective surface coverage by the alk
ammonium groups~the combination of charge exchange c
pacity and the length of the alkyl-ammonium tails!, the ther-
modynamic interactions of the block copolymer with t
silicate layer should be roughly similar,2,6,16 implying that
the thermodynamic interaction for the different layered s
cates and the polymer should be similar. Thus, the acce
ated kinetics for the development of spherical microdoma
arranged on a bcc lattice in the presence of 2C18M and C
cannot be attributed exclusively to the presence of hetero
neous nucleation sites.

However, it is possible that the size of the nucleati
agent is crucial in determining its ability to nucleate an
dered microdomain structure. It can be argued that
2C18M and C18F layers provide a nucleating site for the
spheres that is greater than the critical nucleus size, while
2C18L layers have a size that is smaller than the crit
nucleus size and hence incapable of nucleating the
spheres. On the other hand, all three layered silicates pro
nucleating sites that are smaller than the critical nucleus
of the cylindrical microdomains. In this context, we ha
recently studied the ordering of a lamellar block copolym
and in that case find that for quenches close to the ord
disorder temperature, the critical nucleus size decreases
increasing quench depth and is;30 nm for a 1 °C quench
below the ODT.17

Alternatively, for the growth and development of sphe
cal and cylindrical microdomains it is not sufficient to have
nucleating site of a critical size. In order to generate thr
dimensional ordered grains, the nucleating agent~aside from
being larger than the critical nucleus size! needs to preserve
and promote the symmetry of the block copolymer mic
domains. In fact, it would be interesting to examine the
fluence of needlelike silicates such as immogilites on
development of cylindrical microdomains. Additionally, w
are currently pursuing a study of the influence of laye
silicates in nucleating and templating lamellar block copo
mers so that we might be able to elucidate the geometr
requirements of such nanoscale nucleating agents.17

Previously, we had shown that the block copolym
blend is capable of undergoing an order–order transi
from unaligned cylinders to spheres arranged on a bcc la
with almost identical kinetics as that for the development
bcc spherical microdomains from an initial disorder
state.9,11 The transformation kinetics for a 1 wt.% C18F
nanocomposite from an unaligned cylindrically ordered st
to a spherical microdomain state arranged on a bcc lattice
compared to those for the disordered to spherical state
are shown in Fig. 5. The unaligned cylindrically ordered m
crodomain structure was prepared by annealing at 120 °C
24 h from an initial disordered state~at 220 °C!. Consistent
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with the previous results for the unfilled polymer9,11 and a 3
wt.% 2C18M nanocomposite,1 the kinetics for the develop
ment of the spherical microdomains are nearly independ
of the initial state chosen, with, in fact, a possible slowi
down of the kinetics starting from an initial unaligned cylin
drically ordered state.

On the other hand, starting from shear-aligned cylinde
the development of spherical microdomains on a bcc lat
occurs rapidly.9,10 In the previous paper we demonstrat
that these kinetics measured by rheology were unaffected
the addition of the layered silicate. We suggest that the s
cate layers play no perceptible role to the developmen
spherical microdomains when the cylinders are well align
and are capable of providing an original framework or sc
fold from which the spheres can be developed on to a th
dimensionally arranged mesostructure. To directly probe
structural transition from shear-aligned cylinders to sphe
and the effect of the dimensions of the layered silicates
this transition, we have performed SANS measurements
the order–order transition, and these are described belo

SANS investigation of order–order transition

The two-dimensional SANS patterns with the neutr
beam parallel to the velocity gradient direction for the stru
tural transformation~under quiescent conditions! from shear-
aligned cylinders~at 130 °C! to spheres arranged on a bc
lattice ~at 150 °C! for a 1 wt.% C18F hybrid is shown in Fig
6. For the shear-aligned cylinders@Fig. 6~a!#, two intense
spots are observed in the equatorial plane atq* , with well-
developed higher-order scattering peaks observed atA3q* .
The scattering signatures indicate that the sample deve
well-oriented, hexagonally packed cylinders that are align
with the cylinder axis along the velocity direction, i.e., pa
allel orientation.10,18 On the other hand, the two-dimension
SANS pattern observed in Fig. 6~e! is consistent with that of
a biaxially oriented twinned bcc spherical microdoma

FIG. 5. The rheological signature for the development of spherical mic
domains at 150 °C from an initial disordered state~at 220 °C! and from a
cylindrically ordered state~at 120 °C for 24 h! for a 1 wt.% C18F filled
block copolymer blend. The development of the spherically ordered sta
almost independent of the initial state and is consistent with previous re
on the unfilled polymer.
 license or copyright, see http://jcp.aip.org/jcp/copyright.jsp
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FIG. 6. Two-dimensional SANS pattern elucidating th
pathway of the shear-aligned cylinder~at 130 °C! to the
bcc arranged sphere transition at 150 °C for a 1 wt.%
C18F nanocomposite. Panel~a! corresponds to the well-
aligned cylindrical state at time50, while panels~b!–
~e! are representative patterns after 6, 17, 51, and 1
min, respectively, following the jump to 150 °C.
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structure. Previously, we have shown10 for the unfilled block
copolymer blend, shear alignment at 150 °C leads to the
velopment of a twinned bcc structure with primary refle
tions atq* positioned at 35° to the shear direction and t
higher-order reflections atA2q* approximately 55° to the
shear direction, consistent with the findings of Koppiet al.19

The transformation from shear-aligned cylinders to spher
microdomains arranged on a bcc lattice in the presence o
silicate layers is consistent with the previously establish
epitaxial relationship between the^001& axis of the cylinders
and the^111& axis of the spheres.19

The angular dependence of the intensity for the she
aligned cylinder to bcc spheres in the presence of 1 w
C18F at 150 °C in an annular region centered on the prim
peak positionq* is shown in Fig. 7. The data clearly reve
a rapid decrease in the signatures corresponding to the c
drical structure~i.e., the peaks at 0° and 180°! and a slow
increase in the intensities corresponding to the bcc struc
~i.e., at 55°, 125°, 235°, and 305°!. In order to compare the

FIG. 7. The angular dependence of the SANS intensity in an annular re
corresponding toq* for the shear-aligned cylinder to sphere transition fro
130 °C–150 °C for the 1 wt.% C18F nanocomposite shown in Fig. 7.
data are shifted with respect to each other to avoid overlap.
Downloaded 16 Nov 2005 to 129.6.122.161. Redistribution subject to AIP
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different sets of data and the time-dependent evolution of
cylindrical and spherical structure~called HEX and bcc
henceforth!, we normalize the average intensities corr
sponding to the two sets of signatures to the average of
intensities at 90° and 180°, which remain roughly invaria
throughout the transformation~changing a maximum of 20%
in a nonsystematic manner!. The temporal evolution of thes
normalized intensities for the unfilled and the three na
composites with 1 wt.% 2C18L, 2C18M, and C18F at 150
from an initial shear-aligned state at 130 °C are shown in F
8. We note that, as in the case of the unfilled polymer cas10

the temporal evolution of the intensities for the second-or
peak are similar to that of the primary peak in the case
the nanocomposites and are not shown here. These data
onstrate that the intensities corresponding to the cylindr
microdomains diminish rapidly, while those corresponding
the spherical microdomains gradually increase. Further,
kinetics of both processes areunaffectedby the presence o
the layered silicates, although for the two larger layered s
cates the normalized intensities of the final spherical state
higher than that of the unfilled and the 2C18L filled polym
It is conceivable that the larger plate diameter silicate lay
leads to a better defined three-dimensional order for
spherical microdomains resulting in a higher normalized
tensity for the final bcc structure. Thus, based on these SA
measurements at 150 °C, it is clear that the transformatio
shear-aligned cylinders to bcc ordered spherical mic
domains is unaffected by the addition of the layered silica
and is consistent with the rheological measurements repo
in the previous paper.

The development of bcc ordered spherical microdoma
from shear-aligned cylindrical microdomains in the unfille
block copolymer blend, reported in a previous paper,10 re-
vealed that with increasing transformation temperature,
incubation time for the development of the bcc signatu
increased, and the two-dimensional pattern was roughly
tropic at intermediate times. The two-dimensional SAN
data for the temporal evolution of shear-aligned cylinders
bcc ordered spheres in the presence of 1 wt.% 2C18M

on

e
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FIG. 8. The time dependence of the SANS intensity atq* corresponding to
the cylindrical microdomains and spherical microstructure for the temp
ture jump from 130 °C to 150 °C for the unfilled polymer and the three
wt.% nanocomposites. In part~a!, the intensity associated with the cylindr
cal structure was calculated by averaging the intensities at 0° and 180°~i.e.,
along the equatorial plane in Fig. 7!. In part~b! the intensity associated with
the spherical microstructure was calculated by averaging the intensiti
55°, 125°, 235°, and 305°~i.e., 35° to the shear direction!. The data for both
the cylindrical and spherical microdomains were normalized by the inten
at 90° and 270°, which were roughly invariant throughout the measurem
~changing roughly 20% in a nonsystematic manner!.
Downloaded 16 Nov 2005 to 129.6.122.161. Redistribution subject to AIP
160 °C is shown in Fig. 9. In the presence of the silica
layer, the scattering at intermediate times becomes ne
isotropic, similar to that observed for the unfilled polymer10

However, the epitaxial relationship between the she
aligned cylinders and the bcc spherical microdomains is p
served, as observed previously for the unfilled polymer
transformations at 160 °C and 170 °C. Quantitative comp
son of the normalized HEX and bcc signatures for the tr
sition from shear-aligned cylinders to bcc arranged sphe
for the 1 wt.% 2C18M filled and unfilled polymer system
are shown in Fig. 10. The data demonstrate that the kine
for the transformation are essentially unaffected by the p
ence of the silicate layers, consistent with the data obtai
at 150 °C.

CONCLUDING REMARKS

The influence of introducing thermodynamically rough
equivalent highly anisotropic layered silicates with effecti

a-

at

ty
nt

FIG. 10. The time dependence of the normalized SANS intensity atq*
corresponding to the cylindrical microdomains~circles! and spherical
~squares! microstructure for the temperature jump from 130 °C to 160 °C
the unfilled polymer and the 1 wt.% 2C18M nanocomposites. The fil
symbols correspond to the data for the unfilled polymer and the open s
bols correspond to the data for the 1 wt.% 2C18M nanocomposite.
g

nd
FIG. 9. A two-dimensional SANS pattern elucidatin
the pathway of the shear-aligned cylinder~at 130 °C! to
bcc arranged sphere transition at 160 °C for a 1 wt.%
2C18M nanocomposite. Panel~a! corresponds to the
well-aligned cylindrical state at time50, while panels
~b!–~e! are representative patterns after 3, 9, 115, a
255 min, respectively, following the jump to 160 °C.
 license or copyright, see http://jcp.aip.org/jcp/copyright.jsp
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disk diameters varying from 30 nm to 10mm on the kinetics
of ordering of a block copolymer blend to a cylindrical m
crodomain state and spherical microdomain state are
ported here. While the kinetics for the development of ra
domly oriented spherical microdomains~arranged on a bcc
lattice! from an initial disordered state is dramatically alter
by the addition of 1 wt.% 2C18M and C18F, layered silica
with lateral dimensions of 1 and 10mm, respectively, the
same kinetics are unaffected by the addition of 1 wt
2C18L with lateral dimensions of 30 nm and comparable
the size of individual spherical microdomains. On the oth
hand, the kinetics for the development of randomly orien
cylindrical microdomains from an initial disordered state
the epitaxial transformation of shear-aligned cylinders to
lattice organized spherical microdomains is unaffected by
presence of the silicate layers, irrespective of the lateral
of the layers. While it would be expected that the large s
face area highly anisotropic layered silicates and the pre
ential attraction for the PS block would render them to
ideal candidates to be nucleation surfaces, the results
sented here suggest that the layers must also provide a
tential for the development of three-dimensional we
ordered structures. It is for these reasons that the sili
layers are unable to alter the kinetics for the developmen
cylindrical microdomains. Further, the presence of a w
defined three-dimensional ordered structure as in the cas
shear-aligned cylinders leads to kinetics of shear-aligned
inder to sphere transformation to not be affected by the
dition of the layered silicates.
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