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ABSTRACT: Electrostatically driven coassembly of poly(acrylic adibhekpoly(acrylamide), PAAB-PAAM,

and poly(2-methylvinylpyridinium iodide), P2MVP, leads to formation of micelles in aqueous solutions. Light
scattering and small angle neutron scattering experiments have been performed to study the effect of concentration
and length of the corona blochNgaam = 97, 208, and 417) on micellar characteristics. Small angle neutron
scattering curves were analyzed by generalized indirect Fourier transformation and model fitting. All scattering
curves could be well described with a combination of a form factor for polydisperse spheres in combination with

a hard sphere structure factor for the highest concentrations. Micellar aggregation numbers, shape, and internal
structure are relatively independent of concentratiorCipr 23.12 g L. The Guinier radius, average micellar
radius, hydrodynamic radius, and polydispersity were found to increase with incrédsing Micellar mass

and aggregation number were found to decrease with incre&ing,.

Introduction

Micelles formed by the electrostatically driven assembly of
oppositely charged components are relatively novel particles
in the field of “self”-assembly. The resulting particles are termed
complex coacervate core micelles (C3Ms), polyion complex
(PIC) micelles, block ionomer complex (BIC) micelles, or
interpolyelectrolyte complexes (IPEC). Strictly speaking, the
correct term would be coassembly, as self-assembly excludes
structures consisting of multiple components. In this study, we
focus on C3Ms consisting of a neutrabnic block copolymer
and a polyelectrolyte with an opposite charge sign. A sketch of
such a system is presented in Figure 1.

The novelty of C3Ms lies in the fact that the separate
components are hydrophilic, i.e., no micellization occurs in
solutions of single components. Yet, when mixed under ap-
propriate conditions (pH, ionic strength, mixing ratio), C3Ms
may form. A number of publications on this type of assembly
can be found in the literature. The radius of the micelles is Figure 1. Complex coacervate core micelle. The micellar core consists
generally of the order of several tens of nanometers and of the oppositely charged polyelectrolyte blocks PAA and P2MVP,
electrophoretic mobility measurements indicate that the micelles Whereas thi_c%rlona CO”S'StS”Of neutral PAAm blocks. Both core and
carry no excess charge. An important driving force for aggrega- corona are highly water-swollen.
tion is the entropy gain associated with the release of counterions . . .
from the polyelectrolyte double layers. Hence, C3Ms dissociate the PMC, coexistence between_sqluble complex particles (i.e.,

AR . small, soluble complexes consisting of a few polymers) and
above a critical ionic strength when charges are highly screened.” . I Furth f he PMC. th icell
The micelles form in a rather small compositional window MICETes occurs. urther away from the o the micetles
around the so-called preferred micellar composition, PMC, disappear altogether and soluble complex particles coexist with

. S . ; -’ free polymer molecules.
which corresponds to a mixing ratio of 1:1 as expressed in - : . .
chargeable monomers for equal charge densities of the poly- Th|§ paper describes light .an.d small angle heutron scattering
electrolyte blocks. The following speciation as a function of experiments on C3Ms consisting of poly(acrylic a_duik)ck—_
mixing ratio has been proposédVhen the composition of the poly(acrylamide), PAAs-PAAM, and poly(2-methylvinylpyri-

system is exactly at the PMC, the system exclusively forms dinium iodide), P2MVP, intended to study the effect of

. T concentration and polymerization degree of the corona block
micelles. When the composition is chosen somewhat away from (Neasm = 97, 208, and 417) on micellar characteristics, such

as shape, mass, aggregation number, radius of gyration, and

:\gv(gg;ii?r?;edri]ngnail\l;ggir{ E-mail: ilja.voets@wur.nl. internal structure. To the best of our knowledge, this is the first
# Institut Max von Laue)llsam Langevin. SANS study on micelles consisting of a neutrainic diblock
8 University of Bayreuth. copolymer and an oppositely charged homopolymer. Closely
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Figure 2. Chemical structure of (a) poly(acrylic acit)eckpoly-
(acrylamide), PAA-b-PAAMN (Npaam = 97, 208, and 417) and (b)
poly(2-methylvinylpyridinium iodide), P2MVRg. The numbers beside
the brackets denote the degree of polymerization.

related are SANS studies on mixed micelles consisting of a
neutral-ionic block copolymer and a multivalent i&A or
oppositely charged surfactant micelfésBerret et al. have
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and P2MVP solutionsfd g L. In the LS-T experiments, PAA-
b-PAAmM solutions were titrated with a concentrated solution of
P2MVP to minimize dilution effects. The LS-T experiments were
performed to determine the PMC, which is assumed to be
independent of concentration.

Small Angle Neutron Scattering (SANS) Small-angle neutron
scattering experiments were performed at the Institut Max von
Laue-Paul Langevin (ILL), Grenoble, France, on the D22 beam
line. Two detector distances were chosen, such thgtange of
0.0029-0.137 A1 was covered, with an incident wavelength of
0.8 nm and a wave-vector resolutidwg/q of 10%. The spectra
were treated according to standard ILL procedures, and the
scattering cross sections are expressed in'cifhe temperature
was kept constant at 293 K. Micellar solutions have been prepared
at the preferred micellar composition, PMC, corresponding;to

published several articles on such systems, incorporating the= g 50 as determined from the LS-T measurements, at concentra-

same PAAb-PAAm diblock copolymers as in this study?
For mixed polymer/surfactant micelles, it was found that the

tions 1.7-38.24 g L't in pure DO for contrast reasons.
The g-dependence of the scattered intensity can be described

aggregation number expressed as the number of diblockaccording to the general equatidh¥

copolymers per micelle could be as high as 2@60 and that
the surfactant micelles keep their micellar structure within the

larger structure. The core thus consists of an ensemble of

(@) =n Pson) Vpar P(A)S() )

parl(p part

spherical surfactant micelles that are interconnected by the poly-and

(acrylic acid) blocks from the diblock copolymer. The typical

distance between the neighboring surfactant micelles showed

up as a structure peak at highvalues.

sin(gr) ar

(o) = 47 [ p(r) @®)

C3Ms are expected to have several potential applications. In
solution, the micelles can be used for encapsulation, protection,with the particle number density,a/cm™3, the particle coherent
stabilization, and controlled release of virtually any charged scattering length densitypar/cm™2, the solvent coherent scattering

species, which may prove to be advantageous in drug delivery,length density pso/cm™2, the particle volumeYpad/cnm?®, the form

laundry, nanoparticle formatidghand food-stuff applications.

factor,P(q), the structure factoi§(q), the pair distance distribution

Substrates, such as silica and polyelectrolyte multilayers, may function, p(j/cm™2, and the magnitude of the scattering vector,

be rendered antifouling after exposure to C3Ms.

Experimental Part

Materials. The diblock copolymers poly(acrylic acitjock
poly(acrylamide), PAAs-b-PAAMg;, PAA,-b-PAAM,0e and PAA -
b-PAAmM,;7, were a kind gift from Rhodia Chimie, Aubervilliers,

France. (The subscripts correspond to the degree of polymerization.)

They have been synthesized according to the MADIX process,
resulting in an estimated polydispersity index (PB1)1.3° The
oppositely charged homopolymer poly(2-methylvinylpyridinium
iodide), P2MVRBos (My, = 56 000 g mot?, degree of quaternization
~70%, PDI= 1.09) has been purchased from Polymer Source Inc.,
Canada. Chemical structures are depicted in Figure 2.

Stock solutions of P2MVP (38 g1!) and PAAb-PAAM (25—

38 g L™1) were prepared in Milli-Q water (light scattering-titration)
or D,O (99.9% isotopic purity, Isotec Inc., Miamisburg, OH) to
which NaNQ (J. T. Baker Chemicals, Deventer, The Netherlands)
was added to obtain a final concentration of 50 mM. The pH of
the stock solutions was adjusted it M NaOH/HNQ (Merck,
Darmstadt, Germany) or NaOD/DN@o obtain pH= 7 for both
solutions. All polymers and other chemicals were used as received,
without further purification.

Light Scattering-Titrations (LS-T). Details of the experimental
setup and data analysis have been reported previduRgsults
are typically given as pH, total light scattering intensiiy, and
hydrodynamic radiusR, or, at a scattering angle of 9(as a
function of the mixing fractionf,.. The mixing fraction is defined

as the ratio between the number of positively chargeable monomers
(i.e., quaternized and nonquaternized monomers) and the sum of
the numbers of positively and negatively chargeable monomers,

ie.,

[n]

1+ ] )

L=

The stock solutions were diluted with a Nabléblution of equal
ionic strength to obtain PAA-PAAm solutions of 0.51 g Lt

g/cm1, defined as follows

-

with the wavelength of the incident radiatioh, and the angle
petween the scattered and incident be@mHence, by indirect
Fourier transformation of eq 3, one obtains the pair distance
distribution function. In this studyp(r) functions were computed
using generalized indirect Fourier transformation employing
the GIFT software packadé.'® A hard sphere structure factor
(Percus-Yevick closure'® averaged structure factdy has been
included to describe the scattering curves of the more concentrated
samples.

Alternatively,|(q) may be modeled by selecting a particle form
and structure factor fit to describe particle shape and interaction as
present in the studied system. In this paper, we applied a hard
sphere structure factor (Pereugevick closure, decoupling ap-
proximation using an average particle radius) and a form factor
for homogeneous spheres. In the latter, size polydispersity was
included via a GaUSSIarNéAAm 97 and 208) and SchutZimm
"(Npaam = 417) size distributionf(R,[IR0D) with the polydispersity
index, P, and the average particle volumé&Yp.(R)O (see
Supporting Information).

The forward scattering intensity at= 0, lp, can be used to
obtain the particle mas$/,a/g mol?, according to

“

2.2
Mpartcpan(pbb - psolv) Vo

Na

®)

lo=

with the particle weight concentratiopadg cni3, the building
block (see below for definition) coherent scattering length density,
poy/cm~2, the building block specific volumeyo/cm?® g1, and
Avogadro’s numberNa/mol~1. The number of PAfx-b-PAAMY
polymers Pagq per particle can now easily be obtained by division
of the particle molar mas$/par, by the building block molar mass,
Mbb-
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Figure 3. Results of a light scattering titration experiment: (a) light
scattering intensityloe:, (b) hydrodynamic radius. o¢, and (c) pH as

a function off.. A relatively concentrated P2M\4R solution (-8 g
L-1) was titrated with a buret into a dilute PAAb-PAAmMg; solution
(~0.5 g L) in the scattering cell. The initial pH values of the solutions
were matched at pk 7, as was the ionic strength (50 mM NagO
The preferred micellar composition, PMC, was determined ag.the
corresponding to a maximum ik and |dpH/d+|. The PMC was
assumed to be independent of concentration.

Alternatively, Iy can also be expressed in the following manner

NaN
_ Nalyy 2 2, 2
lo= P Pob,part (Pob — Pson) Vpart
agg

(6)

with the building block number densityy,ymol cn3, and the
building block volume fraction in the particleyyp, pa: In this way,

the @pb, parrCan be obtained by combination of egs 5 and 6, which
is equivalent to stating that

10 :
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For the C3Ms in this study, we define a building block as a unit
consisting of one diblock copolymer and a corresponding amount
of P2MVP groups, i.efy = 0.5. A building block is preser,gg
times in one particle. The building block fdipaam = 97 equals
PAA42‘b-PAAmg7 + P2MVPy,, for Npaam = 208 it is PAA42'b'
PAAM,0s + P2MVP,,, and for Npaam = 417 a building block
consists of PAA-b-PAAM,17 + P2MVPs,. An overview of the
coherent scattering length densitigs,specific volume,v,, and
molecular weightsM,,, of the studied species are given in Table
S1 (see Supporting Information).

part

Results and Discussion

Light Scattering-Titrations (LS-T). Figure 3 shows the
results of a light scattering titration where P4-PAAMg;
was titrated with P2MVRe. In analogy to our previous papér,
the PMC was found at the maximum in scattered intensity and
the maximum in/dpH/d|; i.e., the PMC is afy = 0.5.

Similar experiments were performed for PA&-PAAM,os
and PAA-b-PAAM,17 (data not shown), and the PMC was
always found af; = 0.5. Hydrodynamic radiiR, ox, at the
PMC are 14.5, 20.2, and 20.4 nm fNpaam = 97, 208, and
417, respectively.

Small Angle Neutron Scattering (SANS). The SANS
scattering curves as obtained after data reduction, subtraction
of incoherent scattering (both from solvent and hydrogenated
polymer units), and division by concentration are presented in
Figure 4. The polymer contribution to the incoherent scattering
scales linearly with concentration for a givBiaaam (Table 3).
Some of the samples exhibit upturns in the first54points of
the scattering curves, which are caused by the presence of a
small fraction of larger aggregates, which may be clusters of
micelles. All scattering curves appear rather smooth, i.e., distinct
features such as form factor minima are absent, which indicates
a rather high polydispersity in the systems.

1
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Figure 4. 1(Q)/C, (cm L g~2) versus g/A? for C3Ms of P2MVBg and (a) PAA>b-PAAMy, (2.32 g L1 < C, < 38.24 g LY, (b) PAA-b-
PAAMyes (2.17 g L't < C, = 35.12 g LY, and (c) PAArb-PAAM47 (1.70 g L't < C, < 27.53 g LY). Scattering curves have been corrected
for incoherent scattering, due to solvent and hydrogenated polymer segments, and divigied by
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Figure 5. Guinier representations, Ifq) versusg¥A—2 for C3Ms of
P2MVPy9 and PAA-b-PAAMy; (O, Cp =232 g Lﬁl; O, Cp = 4.63
g L™%), P2MVPyxge and PAAizb-PAAM,0s (O, Co =2.17 g L' A, G
= 4.37 g L'1), and P2MVBgs and PAA-b-PAAMg; (+, C, = 1.70 g
L% x, C,=3.41 g LY. Usedg-range is 0.005< g < 0.01 A%, The
first four to five points were discarded as they lack statistics and/or
exhibit upturns resulting from a small fraction of aggregates in the
system.

Table 1. Guinier Analysis for C3Ms of P2MVP, and
PAAs-b-PAAMp2

Npaam CigL™? RgW/nm Rinm lo/em™ Rgo/Rn
97 2.32 7.52 9.70 1.84 0.52
97 4.63 7.88 10.17 3.56 0.54

208 217 10.18 13.14 1.46 0.50
208 4.37 10.23 13.20 3.00 0.51
417 17 13.83 17.85 154 0.68
417 341 13.62 17.58 2.29 0.67

aNpaam = 97: C; = 2.32 g L't and 4.63 g L. Npaam = 208: C, =
2.17 g L't and 4.37 g £ Npaam = 417: C;,=1.70 gLt and 3.41 g
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Table 2. Comparison of GIFT Analysis, Guinier Analysis, and
Model Fitting for C3Ms of PAA 42-b-PAAmMg; and P2MVP3og

ClgL™t RAMM RJ/Ry RyPim  RyW/Rw RUNm  [RIR,
2.32 8.16 0.56 7.52 0.52 9.8 0.68
4.63 8.38 0.58 7.88 0.54 9.8 0.68
9.54 7.90 0.55 9.8 0.68

15.16 7.82 0.54 9.8 0.68
25.0 8.02 0.55 9.8 0.68
38.24 8.71 0.60 9.6 0.66

aQObtained from GIFT analysi$.Obtained from Guinier analysis.
¢ Obtained from model fitting as described below. (We estimate the
uncertainties iRy, (RC] Ry, andR, to be in the order of 10%).

aggregates, which causes visible upturns in the first few points
of the scattering curves.

Generalized Indirect Fourier Transformation. From the
block length ratios, one may anticipate a spherical shape for
the C3Ms of P2MVRBy and PAAi-b-PAAMy (Npaam = 97,

208, and 417). To test the validity of this assumption and to
serve as a basis for further model fitting(y) functions were
computed for C3Ms of P2MVBg and PAA-b-PAAMg;
(Figure 6) using generalized indirect Fourier transformation
employing the GIFT software packaéfel® A hard sphere
structure factor (Percusyevick closure) has been included to
describe the scattering curves of the three higher concentrations.

The agreement between the experimental data and GIFT
results is excellent for all samples and results in a very
symmetrical shape of thp(r) function typical for spherical
particlest! Thep(r) curves are nearly congruent, i.e., concentra-
tion has little effect on the particle shape and structure for 2.32

L~ Guinier representations are given in Figure 5. The hard sphere radius,g | ~1 < Cp=<38.24¢g 1. Hence, we conclude that the GIFT

R, has been calculated from the Guinier radiBg, according toR =
/57 3Ryu. Rg/Rn has been calculated using tReas determined from the

LS-T, i.e., Ry has been assumed to be independent of concentration. We

estimate the uncertainties R Ry, Rn, andlo to be in the order of 10%.

Clearly, for constantpaam, Scattering curves of differei,
superimpose in the higipregime ¢ > 0.02 A1) after division
by Cp, indicating that concentration hardly affects micellar shape
on these length scales15 nm according tor/q).

results justify model fitting with a form factor for spherical
particles.

We can obtain the radius of gyratioRy, from the GIFT
results in the following mann&t

DmaX
, 1 Jo " p(r)r? dr

= 8
2 OD'"a‘ p(r) dr

Porod representations of the scattering curves (Figure S1, see

Supporting Information) reveal a Porod regime fdsaam =
97 and 208, but foNpaam = 417 no horizontal plateau is
observed as it has shifted to valuesivhere the signal-to-

Table 2 compares the radii aRiR, values obtained through
GIFT, Guinier analysis, and model fitting (see detailed descrip-
tion below) for C3Ms of PAA>-b-PAAMg; and P2MVBgs. In

noise ratio is too low, i.e., the Porod regime has disappearedall casesR/R, values are rather low and consistent with spherical
into the background. As observed in Figure 4, the scattering micelles with a non-negligible cof& 22 Harada et al. have

curves superimpose in the highregime in all three systems
after division byC,, indicating that concentration hardly affects
micellar structure on small length scales (down~& nm
according tar/q).

Guinier Analysis. Guinier extrapolations (Figure 5) have

reportedRy/R, values of 0.739-0.762 for C3Ms of poly,s-
aspartic acidp-poly(ethylene oxide), PAsp-PEO, and poly-
((L)-lysine)-b-poly(ethylene oxide), PLybs-PEO, or poly(()-
lysine), PLys*®

Model Fitting. To minimize the number of adjustable

been performed on the two lowest concentrations of each seriesparameters, we selected the simplest possible model for poly-
to be sure that interparticle interactions were negligible. Results disperse spherical particles. Thus, we apply a form factor for

are given in Table 1.

As expected, we find an increase in the Guinier radrys,
with increasing block length of PAAM\paam. The values for
Ry/Rn are very low, i.e., below the theoretical value of 0.775
for homogeneous hard sphefésstill, comparably low values
have been observed previously for spherical polymeric mi-
celles®® Furthermore, we note th&, may be underestimated
due to little shell scattering, i.e., particle scattering will be

dominated by the micellar core, as the contrast between shell

homogeneous spheres and a Gausdipasm = 97 and 208)

or Schulz-Zimm distribution Npaam = 417) in combination
with a hard sphere structure factor (PeretY&vick closure) for

the higher concentrations. Equations are given in the materials
and methods sections (egs 2) and in the Supporting Informa-
tion (egs SES15). Instrumental resolution is taken into account
by applying the following equation

9)

2 _ 2 2
Prear = pexp papp

and solvent is much smaller than the contrast between core and

shell, as the core is likely solvated upt®0%, while the shell
is likely solvated up ta~90%. Moreover, th&, may be slightly

which is exact for a Gaussian (size) distribution and approximate
for a Schulz-zZimm (size) distribution. Hence, the “real”

overestimated due to the presence of a small fraction of largerpolydispersity, prea, iS Obtained when the experimentally
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Figure 6. Results of a GIFT analysis for C3Ms of P2M¥Pand PAA-b-PAAMe; (2.32 g L't < C, =< 38.24 g LY. (a, b)I(g)/lcm™ versus
g/A~L. The scattering curves were corrected for incoherent scattering due to solvent and hydrogenated polymer segments andCdiwitieldog
correspond to experimental data; solid lines represent GIFT resultg(rfojersusr/A. Curves have been divided I, and normalized to a total
area of 1; i.e., curves should superimpose in case particle shape and structure are independent of concenS@)ioergdsg/A -1 as obtained
by employing a hard sphere structure factor (Perétesvick closure). Results are given in Table 3. Uspdhnge is 0.006< g < 0.18-0.24 AL,

The first six points were discarded as they lack statistics and/or exhibit upturns resulting from a small fraction of aggregates in the systeim. The use

maximum distanceDmay ranged from 23-31 nm.

Table 3. Model Fitting Results for C3Ms of P2MVP,9 and PAAs-b-PAAMg7 (2.32 g L™ = Cp < 38.24 g LY, PAAsrb-PAAM0g (2.17 g L7 <
Cp < 35.12 g LY, and PAAs-b-PAAM,7 (1.70 g L < C, < 27.53 g L7Y)2

Mpar{
Neaam  ColgL™!  linodcm™  [RINm  lg/em™t  kgmol?  Pagg  Paggpve  Pobpat  Prea  Rug/ MM @us  Rusdnm  guse®
97 2.32 0.004 9.8 1.8 679 44.9 9.0 0.013 0.22
4.63 0.006 9.8 3.6 680 45.0 9.0 0.013 0.22
9.54 0.012 9.8 7.5 688 45.5 9.1 0.013 0.22
15.16 0.017 9.8 11.9 686 45.4 9.1 0.013 0.22 145 0.02 14.5 0.03
25.00 0.027 9.8 19.9 696 46.0 9.3 0.012 0.23 14.5 0.07 13.4 0.07
38.24 0.041 9.6 27.2 622 41.1 8.3 0.011 0.23 13.0 0.10 11.4 0.15
208 2.17 0.003 11.9 1.34 534 23.0 4.6 0.004 0.25
4.37 0.006 12.0 2.77 548 23.6 4.7 0.004 0.25
8.68 0.011 11.9 5.58 556 23.9 4.8 0.005 0.25
8.85 0.011 11.8 5.36 524 22.6 4.5 0.005 0.25
14.18 0.017 11.9 8.92 544 23.4 4.7 0.004 0.25 17.0 0.05
23.12 0.027 11.0 10.41 390 16.8 3.4 0.004 0.26 17.0 0.08
35.12 0.040 11.6 19.36 477 20.5 4.1 0.004 0.25 16.0 0.15
417 1.70 0.004 17.1 1.40 697 18.1 3.6 0.023 0.49
3.41 0.009 16.5 2.26 561 14.6 2.9 0.020 0.49
6.89 0.015 16.5 4.56 561 14.6 2.9 0.020 0.49
11.01 0.021 16.5 6.79 522 13.6 2.7 0.019 0.49 16.5 0.07
17.91 0.034 16.5 11.05 523 13.6 2.7 0.019 0.49 16.5 0.15
27.53 0.052 16.5 15.47 476 12.4 2.5 0.017 0.49 16.5 0.19

aThe model includes a form factor for polydisperse homogeneous spheres in combination with a hard sphere structure factord#ekccesure).
A Gaussian distribution is used fdfpaam = 97 and 208, and a SchutZimm distribution is used foNpaam = 417. Experimental data and fits are given
in Figure 7. We estimate the uncertaintiesNRar, Pagg Pagg,pve and guppartto be in the order of 1815%, considering standard uncertainties in their
calculation, such as those in the determination of the scattering length densities (see caption of Tali@ied from the GIFT analysis with a hard
sphere structure factor (Peret¥evick closure, SchulzZimm distribution).

determined polydispersityexp (here the result obtained from As this simple model is sufficient to describe the scattering
model fitting the scattering curves), is corrected for the apparent curves for all concentrations, we refrain from applying more
polydispersity due to a finite instrumental resoluti@gsp sophisticated form factor models to the SANS data. Tests of
Results are given in Figure 7 and Table 3. A global fit, i.e., models like, e.g., the one proposed by Pedéfsaid not lead
keepingRL] preay andRys constant for a giveiNpaam, has been to a better description of the experimental data compared to
attempted but resulted in a lesser quality of fit. Still, apart from the form factor for homogeneous spheres. This is mainly due
Rys, the values are constant within experimental error. to the low contrast between the heavy water and the corona.
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Figure 7. 1(g)/cm™t versusy/A~1 for C3Ms of P2MVRgsand (a, b) PAArb-PAAMg; (2.32 g L1 < C, < 38.24 g LY, (c, d) PAA-b-PAAM,0s

(217 gLt =< Cy =< 35.12 g LY, and (e, f) PAArb-PAAM; (1.70 g L't < Cp < 27.53 g LY. Three concentrations are plotted per graph for
reasons of clarity. Scattering curves were corrected for incoherent scattering due to solvent and hydrogenated polymer segments an@idivided by
Markers correspond to experimental data; solid lines represent model fitting results. The model includes a form factor for polydisperse h®mogeneou
spheres in combination with a hard sphere structure factor (Pemisck closure). Usedj-range is 0.006< g < 0.15 AL The first six points

were discarded as they lack statistics and/or exhibit upturns resulting from a small fraction of aggregates in the system. Fit results are listed in
Table 3.

Contrast variation in combination with selective deuteration is 30 e
necessary to obtain information on particle internal structure, 25 o %8 ‘3
such as core and shell sizes. o 417

20 { .

As stated previously, the (polymer contribution to the) -
incoherent scatterindincon, Scales linearly with concentration § 15} o
for all three systems. In analogy to the Guinier radius, we find =
an increase inROwith increasing PAAmM block lengtiNpaam.

A linear dependence db on C; is found for a givenNpaam
(Figure 8) for concentrations up to 25.00, 14.18, and 17.91 g
L=1 for Npaam = 97, 208, and 417, respectively. Hence,
according to eq 5, we may conclude th,:is concentration
independent in this regime @,. This nicely corresponds t0  Figure 8. Io/cm™t versusCy/g L1 for C3Ms of P2MVRos and ©)
the conclusions drawn from the GIFT results fMgaam = 97. PAA4-b-PAAMg7, (O) PAAs-b-PAAM,s and ) PAAs-b-PAAM; 7.
Indeed, Table 3 shows that aggregation numbers (the numbervalues oflo were determined by model fitting (Figure 7, Table 3).
of diblock copolymers,Pagq and the number of P2MVigy

polymers per micellePagq pvi) and micellar mass are neaBy not fully apply. A rather large polydispersity, increasing with
independent for a giveNpaam and decrease with increasing increasingNeaam, is found in all three systems. We suspect it

Npaam, as the polymer footprint (cross section) increases with is partially stemming from the high PDI of the constituent
increasingNpaam- diblock copolymers and partially intrinsic to C3Ms as they are

The building block volume fraction in the particlgpp par in the so-called weak segregation limit. The latter statement is
calculated according to eq 7, is fairly constant at very low purely speculative and currently under investigation.
absolute values (0.004 ¢@pp part < 0.02), which may be due to From the excellent agreement between experimental data and
errors in the calculated scattering length densities, an underesits (Figure 7), we may conclude that a hard sphere structure
timation of the instrumental smearing effects and/or eq 7 does factor can be used to describe C3M interparticle interaction.

o
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Figure 9. (a) O, Ry, O, (RO <, Ry and (b)Paggas a function oNpaam. Rgu, R andPagg values of differentC, are averaged. Lines represent linear
scaling consistent with the experimental data.

However, as the particles are not hard spheres, the result is tadistribution in combination with a hard sphere structure factor,
be interpreted as an effective structure factor. The values overview of the coherent scattering length densitigsspecific
obtained for the (effective) hard sphere interaction radius, volume,vo, and molecular weight$d,, of the studied species, and
are comparable t&, for Neaam = 97, while they are equal to Por_od representations of_the scattering curves. This material is
[RCfor Npaam = 417. As the particles become increasingly hairy available free of charge via the Internet at http://pubs.acs.org.
and less hard spherelike with increasibhpaam, it seems
reasonable tha&s decreases relative to the micellar radius with
increasingNpaam. Results of GIFT analysis and model fitting (1) van der Burgh, S.; de Keizer, A.; Cohen Stuart, MLAngmuir2004
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