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ABSTRACT: We present light scattering and viscometric results from micellar solutions of PS(PI)3

4-miktoarm stars (i.e. stars with chemically different arms) in two selective solvents, n-decane (selective
for PI) and dimethylacetamide (DMA, selective for PS), for the different arms. A series of samples having
different molecular weights and compositions were investigated in order to determine the influence of
these molecular parameters as well as that of molecular architecture in the micellization behavior.
Experimental results indicate that spherical micelles are formed in n-decane, a selective solvent for
polyisoprene. Aggregation numbers and hydrodynamic radii of the micelles increased with increasing
molecular weight and content of the insoluble component. The area of the core-corona interface per
copolymer chain, Ac, was found to increase compared to the diblock case due to crowding of the three PI
arms in the corona. In DMA, experimental evidence exists that points to the formation of nonspherical
micelles. Aggregation numbers in this solvent are larger than n-decane. Polydispersity of the micelles is
also increased. Experimental findings are discussed taking into account solvent selectivity and molecular
architecture of the miktoarm stars.

Introduction

The micellization of block copolymers in selective
solvents has attracted the interest of scientists for some
decades now.1,2 This is due to the great potential of this
kind of supramolecular structure for use in a diverse
field of practical applications including stabilization of
colloidal dispersions, controlled drug delivery, removal/
recovery of organic compounds from contaminated
water, catalysis in micellar nanoreactors, cosmetics
etc.3,4 Micelle formation is driven by the unfavorable
interactions between the selective solvent and the
insoluble blocks of the copolymer which tent to associate
in order to decrease these interactions. The dependence
of the structural parameters of micelles on the molecular
characteristics of block copolymers has been studied in
detail both experimentally5-11 and theoretically.12-15

Other factors affecting micelle formation and structure
including copolymer concentration, temperature, and
solvent selectivity were also addressed in the literature.
The influence of the macromolecular architecture on the
micellization process in general is a less studied field
since well defined, architecturally complex, block co-
polymers have been synthesized only recently.16-23

In this paper, we report results on the micellization
properties of a series of PS(PI)3 4-miktoarm star copoly-
mers (i.e. 4-arm stars having one PS arm and three PI
arms) in two selective solvents: n-decane, which is a
selective solvent for polyisoprene (PI), and dimethylac-
etamide (DMA), which is a selective solvent for poly-
styrene (PS). Static and dynamic light scattering as well
as dilute solution viscometry, were used in order to
determine aggregation numbers, size, shape, and poly-
dispersity of the micelles in each case. The major goal
of this work is to study the influence of macromolecular
architecture, in relation to other molecular chararac-
teristics of the miktoarm stars, and of solvent selectivity
on the primary characteristics of the micelles formed.

Experimental Section

Polymer Synthesis. All samples were synthesized by
anionic polymerization high vacuum techniques.24 The PS(PI)3

miktoarm stars were prepared by reaction of the single living
arm (PS) with an excess of SiCl4 to produce the trifunctional
chlorosilane end-capped macromolecular agent. After removal
of the SiCl4 excess on the vacuum line, a stoichiometric excess
of the second arms (PI) was added. When the coupling reaction
was completed, as evidenced by SEC analysis, the excess of
the second arm was deactivated with methanol. The desired
PS(PI)3 4-miktoarm stars were isolated from the reaction
mixture by solvent/nonsolvent fractionation (toluene/metha-
nol). The pure miktoarm stars were rigorously characterized
by size exclusion chromatography with RI and UV detection,
membrane osmometry, LALLS, and 1H NMR in order to
provide the molecular characteristics of the materials. These
measurements confirmed the high degree of compositional,
molecular weight, and architectural homogeneity of the co-
polymers. Details on the synthesis and the molecular charac-
terization of the miktoarm stars were given elsewhere.25,26 The
molecular characteristics of the samples under study are given
in Table 1. They can be grouped into two series according to
the overall molecular weight: the high molecular weight series
(samples 4IS60, 4IS40, 4IS35, and 4IS13) and the low molec-
ular weight series (samples 4IS33, 4IS65, and 4IS25), where
the code numbers denote the approximate PI content of each
sample.

Micellization Studies. Analytical grade n-decane and
DMA were first dried over CaH2 under reflux for 24h. Both
solvents were fractionally distilled just before use. Stock
solutions were prepared by dissolving the appropriate amount
of sample in the corresponding volume of dried solvent. The
solubility parameters for the solvents and the polymeric blocks
are (in (cal/cm)1/2): δPS ) 9.1, δPI ) 8.1, δn-decane ) 6.6, δDMA )
10.8.27 These values indicate that both solvents are about
equally bad solvents for the insoluble arms and of about equal
quality for the soluble arms.

The samples having the lower overall molecular weights and
compositions of the insoluble part dissolved in the selective
solvents at room temperature after 24 h. Samples having high
molecular weights and content of the insoluble part had to be
heated at 70 °C for some hours in order to be dissolved
completely, especially in the case of n-decane. Generally,
dissolution in DMA was easier. This can be attributed to the
lower Tg of PI, which makes dissolution in a selective solvent
easier in the second case. The stock solutions were heated at
70 °C for an additional 2 h period before the measurements,
to ensure complete dissolution of the samples and removal of
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possible memory effects.3 Memory effects are expected to be
more important in the case of n-decane due to the high Tg of
PS, whereas the low Tg of PI ensures a micellar structure closer
to equilibrium. Using the above sample preparation protocol,
reproducible results were obtained by all methods from dif-
ferent determinations on the same sample. No polymer
precipitation was observed from these solutions after standing
at room temperature for several weeks. Solutions of lower
concentrations were obtained by subsequent dilutions of the
stock solutions. Before light scattering measurements, the
solutions were filtered through 0.45-µm nylon filters, whereas
for viscosity measurements, 1.2-µm nylon filters were used.
Measurements by the different methods were carried out in
the broader concentration range possible taking into consid-
eration experimental limitations. All measurements were
performed at 25 °C.

Apparent weight average molecular weights, Mw, of the
micelles and second virial coefficients, A2, in n-decane were
obtained from the linear part of the concentration dependence
of the reduced scattering intensity at high concentrations,
using a Chromatix KMX-6 low-angle, laser-light-scattering
photometer operating at 633 nm. Additional measurements
were made at different angles for the determination of the
apparent radius of gyration, Rg, using a Series 4700 Malvern
system composed of a PCS5101 goniometer interfaced with a
PCS7 stepper motor controller and a Cyonics variable power
Ar+ laser operating at 488 nm. The required specific refractive
indices, dn/dc, were obtained at 633 nm by a Chromatix KMX-
16-laser differential refractometer and at 488 nm by an Optilab
DSP (Wyatt Technology) interferrometric refractometer, both
calibrated with NaCl standard aqueous solutions. dn/dc values
for the samples were in the range 0.146 to 0.154 in n-decane
and 0.123 to 0.144 in DMA, depending on composition and
molecular weight. These high values allow the determination
of the Mw of the micelles with reasonable accuracy. Addition-
ally, due to the low compositional heterogeneity of the samples,
the determined Mws must be close to the true ones.

Dynamic light scattering experiments were carried out using
the same Malvern system operating in the dynamic mode. A
192-channel correlator was used for accumulation of the data.
Correlation functions were analyzed by the cumulant method.
The Contin software was provided by the manufacturer. The
correlation functions were collected at angles between 45° and
135°. Apparent diffusion coefficients at zero concentration,
Do,app, were obtained after extrapolation to zero angle by the
use of eq 2:

where Dapp is the diffusion coefficient measured at each
concentration and kD the coefficient at the concentration

dependence of Dapp. Apparent hydrodynamic radii, Rh, were
determined by the equation

where kB is the Boltzmann constant, T the absolute temper-
ature, and ηo the viscosity of the solvent.

For the viscosity measurements, Cannon-Ubbelohde dilution
viscometers were used in a temperature controlled bath (at
25 ( 0.02 °C). Flow times for the solvent and the micellar
solutions were measured with a Scott-Gerate AVS 410 auto-
matic flow timer. Data were analyzed by means of the Huggins
(3) and Kraemer (4) equations

where [η] is the intrinsic viscosity and kH, kK the Huggins and
Kraemer coefficients, respectively. In some cases, a second-
order fit of the data points for the Huggins equation, in terms
of concentration, was used giving better agreement between
the [η] values calculated by the two methods. Viscometric
equivalent sphere radii, Rv, were calculated from equation

where Mw is the weight average molecular weight determined
by light scattering by extrapolation at zero concentration. More
details on the procedures and methods used have been given
elsewhere.22,23

Results and Discussion
Micellization Behavior in n-Decane. Static light

scattering results for the miktoarm star micelles under
investigation in n-decane are given in Table 2 . The Mw
values determined in this solvent are larger than the
ones determined in the nonselective solvent (THF), in
all but one case. This suggests that all samples form
multimolecular micelles except sample 4IS65. This
particular sample forms unimolecular micelles in the
concentration range studied (9 × 10-4 g mL-1 < c < 1
× 10-2 g mL-1) as it is evident from the similar
molecular weight values determined in n-decane and
THF. In this case, the PS chain of the miktoarm must
adapt a more-or-less collapsed conformation due to the
poor thermodynamic quality of n-decane toward PS (a
PS homopolymer of similar molecular weight with the

Table 1. Molecular Characteristics of the PS(PI)3 Miktoarm Star Copolymers

sample Mn
a × 10-3 Mw

b × 10-3 Mw/Mn
c Mw/Mn

d %wt PSe Mn,PS
a × 10-3 Mn,PI

a × 10-3 NPS
f NPI

f

4IS60 77.2 80.1 1.05 1.04 43 35.2 14.5 338 213
4IS40 104 108.3 1.04 1.04 60 59.3 14.2 570 209
4IS35 92.3 97.3 1.03 1.05 65 59.3 11.7 570 172
4IS13 199 204 1.03 1.02 88 180 7.6 1731 112
4IS33 11.5 12.2 1.04 1.06 62 7.7 1.6 74 24
4IS65 24.0 25.1 1.04 1.04 34 7.7 6.5 74 96
4IS25 22.0 22.9 1.04 1.04 71 16.3 1.9 157 28
a By membrane osmometry in toluene. b By LALLS in THF. c By SEC in THF. d By LALLS and osmometry. e By 1H NMR in CDCl3.

f Degrees of polymerization of PS and PI arms.

Table 2. Results on PS(PI)3 Miktoarm Star Micelles in n-Decane at 25 °C

sample Mw × 10-6 A2 × 104 Nw Do,app × 108 (cm2/s) kD Rh (nm) [η] (mL/g) kH Rv (nm)

4IS60 2.7 0.12 34 11.8 2.8 20.2 18.6 1.6 20.0
4IS40 19.3 ∼0 178 8.55 12 28 11.2 1.3 32.5
4IS35 50.0 ∼0 514 10.5 20 34.4 8.9 1.7 41.3
4IS33 0.28 -1.50 23 23.6 5 10.2 6.4 0.9 6.6
4IS65 0.029 2.24 1 50.5 14 4.8 15.4 1.05 4.1
4IS25 1.9 ∼0 83 17.2 68 13.9 6.0 1.3 12.2

Dapp ) Do,app(1 + kDc) (1)

Rh ) kBT/6πηoDo,app (2)

ηsp/c ) [η] + kH[η]2c + ... (3)

ln ηr/c ) [η] + kK[η]2c + ... (4)

Rv ) (3/10πNA)1/3([η]Mw)1/3 (5)
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PS arm of sample 4IS65 is insoluble in n-decane at 25
°C). The formation of unimolecular micelles must be a
result of the macromolecular architecture alone, since
a linear diblock copolymer of similar molecular weight
and composition forms multimolecular micelles. A SI
sample with Mn ) 29,000 and 31 wt % PS forms micelles
with Nw ) 248.6 This is an indication that the presence
of three PI chains per PS chain increases the solubility
of the whole macromolecule.

Values of the second virial coefficient are low due to
the high molecular weight of the micelles and/or the
unfavorable thermodynamic interactions between sol-
vent and macromolecules. The aggregation numbers
follow the trend known from diblock copolymers1,2 i.e.,
they increase as the molecular weight of the miktoarm
star copolymers increases at similar composition (e.g.
samples 4IS35 and 4IS33 in Table 2) and as the
molecular weight of the insoluble block increases at
constant length of the soluble blocks (samples 4IS60 and
4IS40, and 4IS25 and 4IS33 in Table 2). On the other
hand, at constant length of the insoluble arm, aggrega-
tion number increases as the length of the soluble arm
decreases (samples 4IS40 and 4IS35, and 4IS65 and
4IS33). Attempts made to determine the critical micelle
concentration, by extending the measurements at the
lowest concentrations possible, were unsuccessful. It
seems that the cmc in the cases studied is very low. In
some cases, light scattering plots show an upturn at low
c (Figure 1) indicative of the proximity to the cmc.

A comparison of the aggregation numbers determined
for the 4-miktoarm stars with linear diblock copolymers
aggregation numbers from the literature clearly shows
the effect of architecture i.e., a decrease in the aggrega-
tion number of the micelles formed by the nonlinear
block copolymers is observed as it was also observed in
other cases of nonlinear block copolymers.16-23 For
example, comparison of samples 4IS60 and 4IS40 with
samples SA-4 and SA-7 of ref 6 shows that the miktoarm
micelles have a lower aggregation number despite the
fact that the overall molecular weight of the miktoarms
is almost double that of the linear diblocks. Additionally,
a SI sample having Mw ) 24,000 and 75 wt % PS,
studied in the course of this work, shows an aggregation
number equal to 980, whereas sample 4IS25, having
similar molecular characteristics, shows an Nw equal
to 83, at the same concentration range in n-decane.

Obviously, the additional geometrical and spatial con-
straints that exist during the incorporation of a PS(PI)3
molecule in a micelle are responsible for the observed
behavior.

The conclusions drawn from static light scattering are
supported by dynamic light scattering measurements
(Table 2). The Rh values are high, indicating association
and they increase as the aggregation number of the
micelles increases. The Rh value for the unimolecular
micelles formed in solutions of sample 4IS65 is also
given. kD values do not show a definite trend since
hydrodynamic and thermodynamic interactions may
cancel each other as a result of the association process.
Analysis of the intensity correlation functions by the
method of cumulants and Contin reveals that the
micelles formed are almost monodisperse in size. The
ratio µ2/Γ2 is less than 0.1 from cumulants analysis,
where µ2 is the second cumulant and Γ is the decay rate
of the correlation function. Whereas Contin analysis
shows only one narrowly distributed peak at the high
concentration range, where micelles are the dominant
species in solution. In some cases, at lower concentra-
tions two peaks could be resolved corresponding to
unimers and micelles coexisting in solution (especially
in the case of the low molecular weight samples). The
results are in accordance to the model of closed
association,1-3 where unimers and micelles having a
well-defined aggregation number are in equilibrium, the
later being shifted in favor of the micelles as the
concentration of the copolymer increases.

More information on the micellar characteristics can
be drawn from viscometry. The results are also shown
in Table 2. [η] values are rather low if one takes into
account the high molecular weight of the multimolecular
micelles. kH values are increased due to increased
hydrodynamic interactions between chains incorporated
in micelles. In most cases, kH is larger than 0.99, the
value for hard spheres28 (some theories give even lower
kH values for hard spheres). Both experimental findings
tend to the conclusion that the micelles formed in this
solvent have a rather compact structure. It is worth
mentioning that kH is also high in the case of the
unimolecular micelles of sample 4IS65. Evidently, the
collapse of the insoluble block, as a result of a thermo-
dynamically poor environment, and the conformation of
all blocks in the unimolecular micelle, favor the increase
of hydrodynamic interactions between segments.1-3

Apparently, the conformation of the particular mik-
toarm star molecule in n-decane is more compact than
that in a good solvent for both blocks.

Table 3 summarizes the structural characteristics of
the micelles formed by the PS(PI)3 miktoarm stars in
n-decane. The ratio Rv/Rh is close to unity, within
experimental error, in most cases indicating a spherical
shape for the micelles.8,28,29 This is also expected from
the internal symmetry of these type of macromolecules.

Figure 1. Static light-scattering plot showing the concentra-
tion dependence of the reduced scattering intensity for sample
4IS60 in n-decane. The upward curvature at the low c range
shows coexistence of unimers and micelles as the cmc is
approached.

Table 3. Structural Parameters for PS(PI)3 Miktoarm
Star Copolymer Micelles in n-Decane

sample Rv/Rh Lcorona (Rh-Rc) Rc (nm) Ac (nm2)

4IS60 0.99 12.6 7.6 21
4IS40 1.16 11.6 16.4 18.8
4IS35 1.2 11.3 23.1 11.2
4IS33 0.65 6.2 4.0 10.6
4IS65a 0.80 - - -
4IS25 0.88 5.9 8 9.7
a This sample forms unimolecular micelles in the concentration

range studied.
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As depicted in Scheme 1a, there is a tendency of the
interface to be curved toward the PS arm due to the
presence of three PI arms connected to the common
branching point, which is on the same direction as the
curvature induced by the formation of the micellar core
in n-decane. The radius of the micellar core, Rc, the area
per branching point, Ac, and the width of the micellar
corona, Lcorona, were calculated by aid of the following
equations:

and are also presented in Table 3. In equations (6-8),
NA is the Avogadro number, wtPS is the weight fraction
of PS in the copolymer, dPS is the density of pure PS
(dPS ) 1.05 g mL-1), and φPS the volume fraction of PS
in the core. The assumption of a dry PS core (φPS ) 1)
was made. This is not an entirely unrealistic assump-
tion, since n-decane is a bad solvent for PS. Even if a
small swelling of the core takes place, it would not
considerably alter the conclusions drawn because the
calculated values would, in any case, be within the
experimental error of the determinations of the param-
eters used for the calculations. The results indicate that
Rc depends on the molecular weight of the PS arm and
the aggregation number as expected.1-3 Ac does not have
a constant value, but depends on the molecular weight
of the PI arm (and the aggregation number). A similar
dependence is also obvious for Lcorona. Compared to the
diblock case,6,22 Ac values for the PS(PI)3 miktoarms are
larger. This can be expected since in the PS(PI)3 case,
three PI arms are connected to the same point at the
core-corona interface and crowding effects are active.
The chains need more space in order to be confined to
the area of the corona and therefore Ac increases
(Scheme 1a). Comparing samples with the same PI arm

molecular weight and different PS arms (e.g. samples
4IS40 and 4IS60), it is obvious that there is a small
increase of Lcorona as the length of the insoluble block
as well as the aggregation number, decreases. This must
be related to an increased stretching of the PI chains
attached to the surface of a smaller sphere. An increase
of the sphere’s surface somewhat relaxes the stretching
of the coronal chains.

A simple scaling analysis of the dependence of Rh of
the micelles on the number of segments in the miktoarm
copolymers was attempted, although the number of
samples investigated is rather small. This gives a
scaling relation (Figure 2a)

The dependence is weaker than in the case of linear
diblocks where theoretical calculations agree to an
exponent of around 0.68.12-14 The weaker dependence
of the size of the micelles on the total degree of
polymerization is indicative of the effect of macromo-
lecular architecture on the overall size of the micelles.
The dependence of the micellar core radius on the
number of PS segments seems to be Rc∼NPS

0.71(0.2

(Figure 2b), which is in the range predicted for diblock
copolymers. This latter agreement may originate from
the fact that there is only one PS chain per miktoarm
molecule. Of course, the effect of a lower aggregation
number for the 4-miktoarms has to be taken also into
account. Similar simple calculations for the dependence
of the corona thickness on the number of PI segments
give Lcorona∼NPI

0.24(0.09 (Figure 2c), which is also weaker
than the case of diblock copolymers.2 However, it has
to be noted that for this determination the available
range of data points is limited. Since the same number
of corona segments are divided into three PI chains
connected to the same junction point, micellar corona
thickness decreases compared to a diblock case, where
only one coronal chain is present per junction point. This
results in a considerable decrease of the corona thick-
ness and the overall size of the micelles at the same
total number of segments per molecule.

Micellization Behavior in DMA. The 4-miktoarm
star samples were also studied in DMA. The results
from static light scattering are given in Table 4. It is
obvious that all samples studied form multimolecular
micelles in this solvent. However, the Nw values for
DMA are larger than those determined in n-decane. Due
to the larger micelles formed in this case, determination
of the radius of gyration, Rg, was possible, although
these values should be used with caution, since they
present apparent quantities, due to the difference in the
refractive index increments for PS and PI. A2 values are
also very small in this case, for the reasons explained
before.

Dynamic light scattering measurements are more
revealing for the situation in the solutions in DMA
(Table 4). kD values are larger and in some cases they
become negative. Rh values are also increased as a
consequence of the increase in the aggregation number.
Distribution analysis of the correlation functions shows
somewhat increased polydispersities (µ2/Γ2 > 0.1, and
considerably larger in some cases), but single-peaked
distributions of hydrodynamic radii are shown in the
case of high molecular weight samples. In the low
molecular weight series, two separate peaks could be
resolved in two cases. In the case of sample 4IS33, the

Scheme 1

Rc ) (3Mw,mic wtPS/4πNAdPSφPS)1/3 (6)

Ac ) 4πRc
2/Nw (7)

Lcorona ) Rh - Rc (8)

Rh ∼ Ntotal
0.52(0.08 (9)
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low Rh peak can be attributed to unimers and the high
Rh peak to micelles (Figure 3). The hydrodynamic radius
of these micelles is larger than all other micelles
investigated. Judging from the values of Rh correspond-
ing to the peaks in the case of sample 4IS65, one can
assume that they must be attributed to two kinds of
micelles, since the lower Rh is too large to be ascribed
to free unimers. The possibilities of formation of micellar
clusters or cylindrical micelles which coexist with
normal micelles in solution have to be considered.30-32

This conclusion is supported by the increased polydis-

persity values obtained even in the case where a single
peak has been resolved by Contin. We will return to this
point later after examination of the viscometric results.

Viscometric results are also shown in Table 4. The
[η] values are found to be substantially increased
compared to those determined in n-decane, in the case
of the high molecular weight samples (Figure 4). This
may be a result of the higher aggregation number and/
or the formation of supramolecular structures different
than normal spherical micelles. The somewhat de-
creased kH values compared to those determined in
n-decane, point to a less compact structure for the
micelles in DMA. The Rv values calculated in this
solvent are larger than the Rh values in the high
molecular weight samples and lower in the case of low
molecular weight samples (Table 4). One has to take
into account that in a capillary viscometer, shear forces
are developed and some rupture of supramolecular
structures is possible.8 This should explain the low
Rv/Rh ratios for the low molecular weight miktoarm
micelles. A similar mechanism seems to be absent in
the case of high molecular weight miktoarm micelles.
In the latter case, the PI arms are larger than the
entanglement length of this polymer and this may
induce some resistance to rupture of the micellar cores.
Additionally, due to the higher molecular weight, the
cores of these micelles are expected to be more compact
due to the poorer thermodynamic quality of the solvent
for longer arms. The high Rv/Rh values for the high
molecular weight samples may also be due to an
increase in the size of the aggregates at higher concen-
trations (the concentrations used in viscometry are
usually higher than those in light scattering). The
curvature of the Huggins plots (Figure 4) points also to
the same conclusion.

The possibility of a change in the shape of the micelles
formed in DMA or the formation of micellar clusters can
explain some of the observations. The ratio Rg/Rh has
been frequently used for the elucidation of the shape
and segment density profile of polymeric structures in
solution.28,33,34 The values for this ratio, where available,
are larger than 0.775, the value for hard spheres,28 and
close to unity (Table 4). This experimental result points

Figure 2. Scaling laws for different structural parameters
of the PS(PI)3 miktoarm star micelles in n-decane: a) log Rh
of micelles vs total number of segments (Ntotal) in the copoly-
mer, b) log Rc of micelles vs number of PS segments (NPS) and
c) log Lcorona of micelles vs number of PI segments (NPI).

Figure 3. Dapp vs concentration plot obtained from dynamic
light scattering measurements on sample 4IS33 in DMA.
Closed circles correspond to unimers and closed rectangulars
to micellar clusters (or cylindrical micelles). Notice the negative
slope in the unimer case, which indicates attractive interac-
tions between unimers. Dapp for the micellar clusters (or
cylindrical micelles) shows no appreciable concentration de-
pendence.
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toward the existence of elongated micelles in solution.
One has to consider that elongated structures may be
more prone to disintegration in flow fields.

From another point of view, the macromolecular
structure also favors a more elongated structure as
depicted in Scheme 1b-c. Formation of a PI core in
DMA leads to a bending of the core-corona interface
toward the three PI arms of the miktoarm copolymer.
This is not a comfortable situation for the PI arms that
have to be accommodated in a smaller space. A more
elongated core releases some of the crowding. In this
way, a more elongated structure for the whole micelle
is produced. The increased Rv/Rh values in the case of
the high molecular weight samples also fit to the picture
of formation of elongated micelles. Rv is influenced by
static structural contributions ([η] ∼ Rg

2Rh),28 whereas
Rh is a purely hydrodynamic quantity. Large Rg values
are reflected in the [η] values, which are also found to
be large (Table 4), as explained before. Additionally,
larger polydispersities are usually observed for elon-
gated structures.8

The formation of micellar clusters cannot be entirely
ruled out and micellar clustering may be mostly impor-
tant in the case of micelles with poorly solvated coronas
and/or having short coronal blocks and large core
blocks8,31,32 (and consequently large cores). Then, inter-
actions between the less shielded cores or the poorly
solvated coronas may lead to micellar clustering. The
micelles formed by low molecular weight samples may
belong to this category. This can also explain the lower
Rv values compared to Rh ones. Micellar clusters may
be easily broken into their constituting parts (normal
spherical micelles) under shear. One can also think that
formation of elongated micelles may go through the
formation of micellar clusters in the initial stages of the
process, followed by core fussion in the latter stages. It

has to be noted, however, that clustering does not take
place in n-decane, although this solvent is relatively
poor for the PI corona blocks (judging from the differ-
ence in solubility parameters). Of course the observed
complex behavior in DMA may be the result, as it is
usually the case in real life, of all the aforementioned
factors acting together (copolymer composition and
molecular weight, miktoarm architecture and solvent
quality).

Conclusions

The study of a series of well-defined PS(PI)3 miktoarm
stars in n-decane has shown that these materials form
spherical micelles with narrow size distributions. The
aggregation number and overall size of these micelles
are smaller than the corresponding linear diblocks.
Crowding of the PI arms in the micellar corona leads
to increased areas on the core-corona interface per
branching point. In DMA, the same materials show a
complex behavior. The formation of elongated supramo-
lecular structures or micellar clusters is supported by
the experimental results at hand i.e., high aggregation
numbers, large Rh and [η] values, and increased poly-
dispersity. The most probable cause for the observed
behavior is a complex combination of macromolecular
architectural effects, copolymer composition, and solvent
quality. The experimental results presented may shed
some light to the interplay of different factors influenc-
ing micelle formation and improve our understanding
of the way polymeric supramolecular structures are
constructed in solution.
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