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The star models are briefly summarized and used to explain the layer thickness of the soluble block of
polystyrene-poly(ethylene oxide) (PS-PEO) diblock copolymer micelles in water and cyclopentane. Both
the discrete blob model (DB) and the distribution density (DD) model describe well the tethered layer of
the soluble block. The structure and thickness of the adlayer formed by adsorption of the PS-PEOdiblock
copolymermicelles onto PS lattices is strongly dependent on the radius of the latex particle and the length
of the PEO block. The star model is adequate for a latex of 32 nm radius and long PEO blocks (N ) 445
and 480), but deviates for smaller PEO chains (N ) 148), where the adlayer thickness is well predicted
by the planar brush model. This planar brush model is still valid for a latex of 54 nm radius and the same
PEO chain. For longer chains and/or larger lattices, neithermodel correctly predicts the adlayer thickness
because of the disruption of the micelles during their adsorption process. This disruption results in the
formation of loops and trains on the PS surface that make the subsequent adsorption of more micelles and
the formation of a dense adlayer difficult.

1. Introduction

Polymersgrafted onto surfaceshavemanyapplications,
of which wetting and adhesion,1 chromatography,2 col-
loidal stabilization,3 lubrication, surfacemodification, and
biocompatibilization4 are some examples. Whenpolymer
chains are tethered to large curved surfaces, such that
the radius of curvature is large compared with the chain
length, they resemble planar polymer brushes. Alex-
ander,5,6 de Gennes,7 and Cantor8 developed a scaling
model for planar polymer brushes, assuming a steplike
density profile with all chain ends situated on the outer
side of the polymer layer. From scaling arguments, they
show that the polymer chains in a planar brush are more
stretched than in their relaxed conformation. This
behaviorwasconfirmedbyself-consistentmean field (SCF)
theory,9numerical calculations,10-14moleculardynamics,15

andMonteCarlo simulations.16,17 Contrary to the scaling
models, a parabolic density profile was theoretically
predicted,15,17 which was experimentally observed by
neutron reflectivity,18,19 optical reflectometry,20 and small
angle neutron scattering.21-23 Nevertheless, the scaling
models accurately predict the polymer layer thickness, in
agreement with the more elaborated treatments.
On the other hand, polymer chains tethered to small

spherical cores are globally less stretched than similar
structures in a planar surface with equivalent tethering
density. This phenomenon was shown by Daoud and
Cotton24 to be a consequence of the increase in the volume
accessible to the tethered chains along the distance from
the core. They extended the scaling arguments from the
planar brushes to starlike structures, obtaining a power-
law concentration profile in agreement with molecular
dynamics25 and SCF calculations.26-32
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Independently, d’Oliveira et al.33 and Vagberg et al.34
extended the scaling approach of Daoud and Cotton to
obtain simple analytical expressions for the absolute
values of the layer thickness. These models are based on
different assumptions regarding the density distribution
of polymer segments and the packing of the blobs and
have never been compared.
Block copolymers in a selective solvent for one of the

blocks have a tendency to self-assemble intomicelles. The
micelles canbe consideredasamodel of starlike structures
with high densities of tethered chains in small spherical
particles. On the other hand, the adsorption of block
copolymers in latex particles forms an adlayer whose
thickness depends on the curvature of the latex. The
adlayer can be described by starlike or brush models,
depending on its thickness and the particle dimensions.
Combining these two kinds of experiments, it is possible
to study a wide range of layer thicknesses and core radii
and thus to test the applicability of several theoretical
models that describe the structure of the tetheredpolymer
layer.
Experimental results for polystyrene-poly(ethylene

oxide) (PS-PEO) block copolymer micelles with small
cores follow the scaling laws for starlike systems.34-36 For
ABA triblock copolymers (A ) poly(ethylene oxide); B )
poly(propylene oxide)), with trade name Pluronics and
adsorbed onto PS latex particles, it was found that the
amount of copolymer absorbed and the adlayer thickness
increasewith theparticle radius.37,38 Similar resultswere
obtained by Garvey et al.39,40 on the adsorption of poly-
(vinyl alcohol-co-vinyl acetate) and Ahmed et al.41 on PS
lattices of several radii. In contrast, Tan’s group42,43 found
that the adlayer thickness of Pluronics adsorbed on PS
latex is smaller for a latex of 305 nm radius than for one
of 85 nm. However, no attempt was made to correlate
these results with the available theories. Furthermore,
electron spin resonance (ESR) results on Pluronics
adsorption38 seem to indicate that thePEO tails aremuch
more mobile in small PS particles than in their larger
counterparts.
In this paper, we try to contribute to a better under-

standing of the tethered polymer layer thickness and
structure, correlating the results of the layer thickness
with the available theoretical models. First, we present
the analytical models for planar polymer brushes and
highly curved starlike structures. Two starlike models
are presented: the discrete blob (DB) model33 and the

density distribution (DD) model.34 Second, we show the
results of dynamic light scattering (DLS) for PS-PEO
blockcopolymermicelles inwaterand forPS latexparticles
coated with the same PS-PEO block copolymers. The
micelle shell thicknesses experimentally determined are
compared with the predictions of the starlike DB and DD
models. These models are further compared with the
results of Vagberg et al.34 for PS-PEO micelles with
different core dimensions in cyclopentane solutions.
Finally, the thickness of the tethered chain layer in PS
latex particles coated with PS-PEO copolymers is com-
paredwith thepredictions of the starlikeandplanarbrush
models, assuming a compact packing of the copolymer on
the latex surface. From these results, it is possible to
anticipate some characteristics of the polymer layer
structure.

2. Theoretical Models

2.1. Planar Brushes. Consider the case of polymer
chains anchored to a planar surface with a dimensionless
surfacedensityσ such that thedistancebetweenanchoring
points is d ) l/xσ, where l is the statistical length of the
monomer. When all chain ends are at the outer edge of
the polymer layer, the concentration profile has a step-
function form5-8 and the layer thickness scales as Lbrush
∝ Nlσ1/3, where N is the number of statistical monomers
in the chain. The refinement of the theory9,44 leads to a
parabolic concentration profile for highly end-anchored
chains with excluded volume

where ν is the excluded volume parameter, ν ) l3(1- 2ø),
defined in terms of the Flory parameter ø. Nevertheless,
the layer thickness shows the samescaling lawas initially
obtained, namely

2.2. Star Model. Daoud and Cotton24 presented a
scaling analysis of polymer chains tethered to a small
spherical core. Their system can be seen as a star with
the polymer chains forming the arms.
If the tethered arms are confined to a string of

increasingly larger close-packedblobs, the starlikedensity
profile is

where the exponent ν equals 3/5 for swollen chains in
good solvents and 1/2 near θ conditions.
The blob size is calculated by a surface balance relating

the area of the sphere of radius r+Rc to the external area
of the blobs located at a distance r from the spherical core
of radius Rc, to give

where f is the number of polymer chains anchored on the
surface of the core.
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8νN2
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F(r) ∝ (r/l)(1/ν)-3 (3)

ú(r) ∝ f -1/2(Rc + r) (4)
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The total number of segments in one polymer chain is
given by the integral ofN(r)/ú(r) over the thickness of the
layer LDC,

where, N(r) is the number of polymer segments in each
blob. This integral simply means that the number of
segments in thepolymerchain is theproduct of thenumber
of segments in each blob N(r) times the number of blobs
in the tethered chain. For long polymer chains, the
number of monomers per blob is given by

whichallows the evaluation of thepolymer shell thickness
by inserting eqs 4 and 6 in eq 5, and solving for LDC

This equation does not give absolute values for the layer
thickness because of the dependence on the constant c1,
coming from the scaling law in eq 4.
To obtain absolute values instead of trends, some

assumptionshave tobemade regardingeither thepacking
of the blobs (DB model) or the density distribution of
polymer segments (DD model).
2.2.1. DiscreteBlobModel. Assuming that the first

sublayer of blobs is denselypackedaround the core surface
and knowing that the number of blobs in each sublayer
is equal to the number of anchored polymer chains f, it
was shown33 that the diameter of the ith blob in the string
is

with

and

Numerical calculations show that eq 4 of the Daoud
and Cotton (DC) model and eq 8 of the DB model yield
equivalent results for all meaningful sets of conditions
(Rc, f).
The number of monomers in the polymer layer (N) is

given by the sum of the number of monomers in the ith
blob

for all the blobs in the polymer layer (i ) 1, n)

The shell thickness is obtained summing the diameters
of each blob úi for the total number of blobs n

Finally, substituting eqs 8 and 13, the layer thickness in
the DB model is given by

2.2.2. Density Distribution Model. From a simpli-
fied surface area match between the core and the first
layer of blobs

it is possible to obtain a relationship between the blob
diameter at the core surface, the core size, and thenumber
of tethered chains34

Notice that in the DD model, the blob diameter is a
continuous function like in the Daoud and Cotton scaling
approach. Using eq 12, the density (monomers per blob/
blob volume) at the core surface becomes

Assuming the same dependence on ν along the radial
distance, the density distribution of polymer segments
within a many-arm star is34

and therefore, comparingeqs18and19 theproportionality
constant in eq 19 can be obtained.
Requiring that the total number of monomers in the

chain is given by the integration of the density profile
over the tethered chain layer of volume VL

the layer thickness for the DD model is obtained as

2.2.3. Comparison of theDBandDDModels. The
DBandDDstarlikemodels differ in theway theydescribe
theblobsize in theshell. Whereas theblobsize isdescribed
by a continuous function for the DD model. A discrete
blob size is considered for theDBmodel. Fromeqs 15 and
21 one can expect that the difference in the shell layer
thicknesses calculated by the two models will depend on
the micelle aggregation number f, the statistical length
of themonomer l, the number of statisticalmonomers per
chain N, the excluded volume parameter ν, and the
spherical core radius Rc. In Figure 1 we present the
variation of the shell thickness (L/nm) with the micelle
aggregation number for the DB and DD models, for
conditions similar to the ones found in the present work:
f ranging from 20 to 180,N ) 100 and 500, ν ) 1/2 (theta
solvent) and 3/5 (good solvent), l ) 1 nm, and Rc ) 5 nm.

N ) ∫0LDC N(r)ú(r)
dr (5)

N(r) ) [ú(r)/l]1/ν (6)

LDC ) [Nl1/ν2f (1-ν)/2ν

c1ν2
1/ν

+ Rc
1/ν]ν

- Rc (7)

úi ) 2Rc¥(1 + 2¥)i - 1 (8)

¥ )
sin(γ/2)

1 - sin(γ/2)
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γ ) cos-1( cos R
1 - cos R) (10)

R ) π f + 2
3f

(11)

Nbi ) (úi/l)
1/ν (12)

N ) (2Rc¥
l )1/ν(1 + 2¥)Nbn/ν - 1

(1 + 2¥)1/ν - 1
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LDB ) ∑
i ) 1

n

úi (14)

LDB ) [Nl1/ν (1 + 2¥)1/ν - 1

(2¥)1/ν
+ Rc

1/ν]ν

- Rc (15)

4πRc
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ú(Rc) ) 4Rc /xf (17)

F(Rc) ) 3
32π(4l )

1/ν
Rc
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F(r) ∝ r(1-3ν)/ν f (3ν-1)/2ν (19)

∫F(r)dVL ) Nf (20)
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3ν41/ν
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For the range of parameters of interest in this work,
the functional form of the curves depends mainly on the
excluded volume parameter ν. An increase inN or l leads
to a larger difference between the shell thicknesses
calculatedby the twomodels, aswell asbetweentheresults
for theta and good solvent conditions, but does not change
the functional form of the curves. A decrease inRc causes
a similar effect on the total micelle radius (L + Rc), as
expected from a comparison of eqs 15 and 21.

3. Experimental Part
ThePS-PEOdiblock copolymerswere prepared inMulhouse,

France, by standard anionic polymerization methods, and the
preparation and characterization of these samples have been
described previously.45,46 Their main characteristics are shown
in Table 1.
Micelle solutions were prepared by adding the diblock co-

polymers directly to water (Milli-Q grade, c ) 1-2 mg/mL),
allowing the mixture to equilibrate for 1 h at 50 °C and then
cooling to room temperature.
Dispersions of PS latex particles were obtained as a gift from

D. S. Mohanraj of Seradyn, Inc. Some of the samples (radiusRP
) 54 and 65 nm) contain surface carboxyl groups, whereas the
other (radiusRP )32nm) contain only sulfate groups. However,
previous experiments47,48 suggest that the surface funcional-
ization does not affect the PS-PEO adsorption onto these
particles.
Some of themicelle solutions (micelle radiusRM ) 13, 26, and

30 nm) were mixed with dispersions of PS latex particles of
different diameters to obtain coated particles. A 10-fold excess
of PS-PEO diblock copolymer was used to ensure that the final
system is as close as possible to saturation.

The hydrodynamic radii of the micelles, bare latex particles,
and coated latex particles were measured by DLS with a 35mW
He-Ne laser (Spectra-Physics, Model 127) in conjunction with
Brookhaven BI-2030AT autocorrelator.

4. Block Copolymer Micelles

Micelles formed from diblock copolymers in a selective
solvent for one of the polymers, having a small insoluble
core, provide goodmodels to test thepredictions of starlike
models. The DB and DD models were verified using
micelles of several PS-PEO copolymers in water at room
temperature and the results of Vagberg et al.34 for PS-
PEO copolymer micelles in cyclopentane at the θ tem-
perature for polystyrene. (see Table 2).
The PS-PEO copolymers in water self-assemble into

micelles with small PS cores and PEO shells of different
thickness, according to the corresponding PEO chain
lengths. The radius of the PS core and the aggregation
number depend mainly on the PS chain length. In
cyclopentane at the θ temperature, the micelles of PS-
PEO copolymers have a PEO core and a PS shell. This
system is very sensitive to the presence of water in the
core, so that the micelle core radius (and therefore their
aggregation number) can be changed by adding trace
amounts of water to the cyclopentane solutions.
For the calculation of the layer thickness, we use for

PEO the monomer statistical length of l ) 0.39 nm and
ν ) 0.583 obtained by Devanand and Selser49 for long
PEO chains in water at room temperature, whereas for
PS, the values of l ) 1.55 nm and ν ) 0.534 were used.
Calculation of the micelle shell thickness by eq 15 for the
DB model and eq 21 for the DD model lead to identical
results (Table 3), even though in the first case the blob
size is described by a discrete function, whereas in the
second it is described by a continuous function.
Figure 2 shows the experimental polymer layer thick-

nessand thepredictions of theDBandDDstarlikemodels,

(45) Mura, J. L., Doctoral Thesis, University of Haute Alsace,
Mulhouse, France, 1991.

(46) Calderara, F.; Hruska, Z.; Hurtrez, G.; Nugay, T.; Riess, G.
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(47) d’Oliveira, J. M. R.; Xu, R.; Jensma, T.; Winnik, M. A.; Hruska,
Z.;Hurtrez,G.; Riess,G.;Martinho, J.M.G.; Croucher,M.D.Langmuir
1993, 9, 1092.

(48) Xu,R.;Hu,Y.Z.;Winnik,M.A.;Mohanraj,S.;Riess,G.;Croucher,
M. D. Langmuir 1991, 7, 831. (49) Devanand, K.; Selser, J. C. Macromolecules 1991, 24, 5943.

Figure 1. Plot of the shell thickness (L) vs the number of
anchored polymer chains (f), calculated by the DB (s) and DD
(‚‚‚‚‚‚‚) models using eqs 15 and 21, for N ) 100 and N ) 500
in θ solvent (ν ) 1/2) and good solvent (ν ) 3/5) conditions (Rc
) 5 nm and l ) 1 nm).

Table 1. Characterization of the PS-PEO Block
Copolymersa

sample Mw NEO NS

JLM5 8500 155 16
ZGH2 10500 148 38
ZGH3 15000 250 38
ZGH4 23600 445 38
ZGH5 34800 700 38

a Mw, total molecular weight; NEO, units of ethylene oxide per
chain; NS, units of styrene per chain.

Table 2. Characterization of the PS-PEO Micelle
Systemsa

sample solvent Nshell Rc/nm RM/nm f

JLM5 water 155 3.4 10 63
ZGH2 water 148 6.0 13 142
ZGH3 water 250 6.0 17 142
ZGH4 water 445 6.0 26 142
ZGH5 water 700 6.0 30 142
GC1 cyclopentane 350 3.5 34.9 17
GC2 cyclopentane 350 6.4 43.9 77
GC3 cyclopentane 350 7.0 49.6 100
a Nshell, number of statisticalmonomers in shell polymer chains;

Rc, hard sphere radius of themicelle core;RM,hydrodynamic radius
of the micelle; f, micele aggregation number.

Table 3. Comparison of Experimental Values (Lexp) and
Star Model Predictions (DB and DD models) of the

PS-PEO Micelle Shell Thicknessa

sample Lexp/nm LDB/nm LDD/nm Lexp/Rc

JLM5 6.6 8.7 8.1 1.9
ZGH2 7.0 8.6 8.2 1.2
ZGH3 11 12.8 12.3 1.8
ZGH4 20 19.3 18.6 3.3
ZGH5 24 26.3 25.4 4.0
GC1 31.4 34.2 30.7 9.0
GC2 37.5 43 43.6 5.9
GC3 42.6 45.1 46.4 6.1
a The values of LDB and LDD were calculated with eqs 15 and 21,

respectively; the ratio of shell thickness to core radius (Lexp/Rc) was
calculated from the experimental values.
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plotted against the total number ofmonomers in the shell
(N f). It should be noted that the theoretical results are
not fitted to the experimental points but predicted from
independent parameters. Furthermore, the observed
slightdiscrepanciesbetween theexperimental results and
the model predictions are similar and almost constant in
each set of experimental conditions (water- and cyclo-
pentane-based systems, respectively). This result dem-
onstrates the adequacy of the starlike models, in agree-
ment with simulation,25 to describe the shell layer
thickness of block copolymer micelles. The differences
between the experimental results and the model predic-
tions can be attributed to uncertainties in the model
parametersand thepolydispersity of theblock copolymers.
Nevertheless, thepolydispersityof themicelles isnarrower
than that of the block copolymers because of the com-
pensation of two factors - length of the shell polymer
block and micelle aggregation number. An increase in
the length of the shell-forming block would increase the
shell thickness but simultaneously causes a decrease in
the micelle aggregation number, so that the final distri-
bution is narrower. In conclusion, both the DB and DD
modelsdescribewell the layer thicknessofblockcopolymer
micelles in selective solvents.
The structure of the tethered chain layer is essentially

determined by the ratio of the polymer layer thickness to
the core radius. For high L/Rc ratios, the core curvature
has an important effect in the shell and the system has
a starlike structure. Because themicelle systems studied
in this work have L/Rc ratios of 9.0 down to 1.2 and are
well described by the starlike models, we can conclude
that even for identical layer thickness and core radius,
the star model is adequate. Nevertheless, in this region,
the brush and the star models give similar results and so
they are indistinguishable. To further decrease the L/Rc
ratio, we absorb PS-PEO block copolymers onto PS
lattices of several radii.

5. Chains Anchored in Polystyrene Latex
Spheres

The PS-PEO block copolymers form micelles in water
at very low concentrations (criticalmicelle concentration,
1 × 10-6 g/mL).35,50 Recently, we have shown51 that the
adlayer formation process in PS latex begins with the

adsorption of the PS-PEO block copolymermicelles onto
the latex particles, followed by the disruption and rear-
rangement of themicelles. Thekinetics of theseprocesses
occur on different time-scales, depending on the dimen-
sions of themicelles and the particles. If themicelles are
large compared with the latex particles, their disruption
is slow enough to allow the coverage of the latex surface
with micelles before the disruption begins. However, if
the micelles are small compared with the particles, the
adsorption and disruption processes can occur on similar
time-scales, limiting the adsorption ofmoremicelles onto
surface regionsalready coveredwith copolymer segments,
so that the amount absorbed per unit surface area
decreases. In the first case, thenumberof chainsanchored
in the latex surface (fP) is determined by the number of
micelles initially adsorbedand their aggregationnumber.
Following a dense packingmicelle adsorptionmodel, fP is
given by47

where f is theblock copolymermicelle aggregationnumber
and

where RM is the block copolymer micelle radius, and RP
is the latex particle radius. The dimensionless surface
density σP of tethered PS-PEO chains is calculated from

In Table 4 we show the experimental values of the PS-
PEO adsorbed layer thickness in PS latex particles (Lexp)
and the predictions of the planar brushmodel (Lbrush) and
the starlike discrete blob model (LDB).
The adsorbed copolymer layer thickness (Lexp) was

calculated from the difference of hydrodynamic radii of
the polymer-coated latex particle and the naked latex
particle. Theadlayer ismainly composed ofPEO,because
the PS contribution is very small and can be neglected.
The number of chains anchored in the latex surface (fP)

wasestimated fromeq22,knowing themicelleaggregation
number f (Table 1), the radius of the block copolymer
micelle RM (Table 2), and the radius of the latex particle
Rp (Table 4).
Using the values determined byDevanandandSelser49

for PS-PEO block copolymers in water at room temper-
ature (l ) 0.39 nm and ν ) 0.583) and the Flory Huggins
parameter ø ) 0.3 estimated from the results of Karl-

(50) Xu, R.; d’Oliveira, J. M. R.; Winnik, M. A.; Riess, G.; Croucher,
M. D. J. Appl. Polym. Sci.: Appl. Polym. Symp. 1992, 51, 135.

(51) Xu,R.;D’Unger,G.;Winnik,M.A.;Martinho, J.M.G.; d′Oliveira,
J. M. R. Langmuir 1994, 10, 2977.

Figure 2. Experimental values (9) and predictions of the DB
(s) andDD(‚‚‚‚‚‚‚)models forPS-PEOmicelle shell thicknesses
in water at room temperature (bottom curves) and in cyclo-
pentane at the θ temperature (upper curves), plotted against
the total number of monomers in the micelle shell (N f). The
values of LDB and LDD were calculated with eqs 15 and 21.

Table 4. Comparison of the Experimental Values of the
PS-PEO Adsorbed Layer Thickness in PS Latex

Particles (Lexp) and the Predictions of the Planar Brush
Model (Lbrush) and the Starlike Discrete Blob Model

(LDB)a

RP/nm Nshell Lexp/nm Lbrush/nm LDB/nm Lexp/Rc

32 148 7.5 7.5 11.5 0.23
32 445 23.0 15.6 22.4 0.72
32 700 32.8 23.0 30.9 0.74
54 148 6.0 6.7 11.1 0.11
54 445 6.5 14.1 21.6 0.12
54 700 10.0 20.6 30.2 0.19
65 148 2.5 6.6 11.0 0.04
65 445 2.5 13.6 21.3 0.04
65 700 3.5 20.0 29.9 0.05
a The values of Lbrush and LDB were calculated using eqs 2 and

15 respectively. The ratio of adlayer thickness to particle radius
(Lexp/RP) was calculated from the experimental values.

fP ) 2πf[3 cos-1(1 - 2q2

2 - 2q2) - π]-1

(22)

q ) RM/(RM + RP) (23)

σP ) fPl
2/4πRL

2 (24)
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ström,52 the adsorbed layer thickness was calculated by
the starlike DBmodel (LDB) and the brush model (Lbrush).
The results show that for the smaller latex (Rp ) 32

nm), the experimental layer thicknesses (Lexp) are very
well predicted by the models. The adlayer thickness for
the copolymer of smaller PEO chain length (N ) 148) is
well predicted by the planar brush model, which was
expected because the ratio of the adlayer thickness to the
latex core radius is very low in this case (Lexp/RL ) 0.24).
For higher values of this ratio (Lexp/RL > 0.72), the
experimental layer thicknessdeviates fromthepredictions
of the planar brush model to follow the starlike model.
The agreement between the experimental and predicted
values also confirms that the amount of polymer absorbed
is well estimated by the micelle dense packing model.
For the latex of 54 nm radius, again only the copolymer

of smallerPEOchain length iswell describedby thebrush
model. For the two other copolymers with longer PEO
chain lengths, themeasuredexperimental layer thickness
is lower than that predicted by the starlike and brush
models. For larger PS latex particles (65 nm radius),
neither thebrushnor thestarlikemodelsareable topredict
the experimental layer thickness. This inability is
explainedby the failure of themicelledensepackingmodel
to predict the amount of absorbed copolymer and by a
different structure of the adlayer. Indeed, the small
attractive interaction between thePEOsegments and the
PS particle surface allows the possibility of the tethered
PEO chains bending back to the surface, forming loops
and trains on the surface. Theprobability of bendingback
is larger for the longer PEO chains and the biggest latex
particles because of their smaller curvature radius.
Furthermore, because for the larger particles the time-
scales formicelle adsorptionanddisruption canbesimilar,

the formation of a dense packing of micelles is impeached
by the disruption of the micelles that adsorbed earlier.
This situation favors the formationofPEOloopsand trains
on the PS surface, which makes difficult the adsorption
of more micelles and subsequent desorption of the PEO
segments to build up a dense adlayer.

6. Conclusions
The layer thickness of the soluble block of PS-PEO

micelles in water and cyclopentane is well described by
the discrete blob (DB) and the distribution density (DD)
models,whicharebriefly summarized in thispaper. These
models result from improvements in theDCmodel toallow
the evaluation of the layer thickness absolute values. The
PEO adlayer formed by adsorption of micelles of PS-
PEO diblock copolymer onto PS latex particles can still
be described by the starlikemodels if the ratio of the layer
thickness to the radius of the latex is >0.72. For lower
values of this ratio, the starlike model fails to describe
well the adlayer thickness, and the brush model only
describes the results for small latex particles (Rp ) 32 and
54 nm) and short PEO chain length (N ) 148). This was
interpreted as resulting from the impossibility of forming
a dense adlayer, caused by the disruption of micelles on
“quasi-planar” surfaces during the micelles adsorption
process. Thedisruptionofmicelles leads to theadsorption
ofPEOsegments on thePS surface, thereby forming loops
and trains that make the following adsorption of other
micelles necessary for the formation of a dense adlayer
more difficult.
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