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ABSTRACT: ABA triblock copolymers comprising a relative long poly(2-(dimethylamino)ethyl methacrylate)
end-capped by short poly(methyl methacrylate) blocks (PMMRDMAEMA-b-PMMA) were synthesized using

group transfer polymerization (GTP), and their aqueous solution properties were explored in aqueous media. At
low pH these copolymers behaved as cationic telechelic polyelectrolytes (TP) and were self-organized through
hydrophobic interactions among the PMMA blocks (stickers). Two types of associates were observed by atomic
force microscopy (AFM) at very low concentrations: end-to-end linear associates and star like “hairy” loose
aggregates where the one end of the TP was located in an irregular hydrophobic core and the other remained as
a dangling end (absence of looping chains). By increasing the concentration, finite size clusters (microgels) were
formed, the size of which changed continuously, leading eventually to the formation of an infinite transient network.
All the structures were visualized by AFM with molecular resolution.

Introduction cally cross-linked gel$?13 and finally biocompatible macro-

molecules capable of transferring genetic materials to &&lls.
At low pH, PDMAEMA is protonated and transformed to a
positively charged polyelectrolyte, like poly(2-vinylpyridine)

Water-soluble polymers bearing hydrophobic groups (stick-
ers), either at the end of the hydrophilic chain (block copolymers
fthe ABA't fted dant I the chain, . o .
Zre ken own ;/Sp Z)sgggir;tivi Fijprﬁgrsa?AggWﬁ:noggsoﬁ,gda'n (P2VP). However, unlike P2VP, which is water-insoluble above

in aqueous media, these copolymers self-associate into micelled?H 5 PDMAEMA is water-so_luble over the WhOIe. pH range,
and in a second level of hierarchy, in transient networks, and and it is partially protonated in the range of physiological pH

find application in the industries of cosmetics and coatings as (7.2). Therefore, th!s hqmopolymer IS a nice cand_ldate .for
theology modifiers, in molecular separator systems, and asmacromolecular engineering of polymers suitable for biomedical
suspending agen’és, ' applications such as carriers of nucleic azidnd/or DNA4

Telechelic polyelectrolytes (TPs) represent a novel class of MXI]EIUI]E bvl\;ocrll((’eﬁzt_'g;'c ;ijcc;nr?g:;s;)r&%Ma}A\rsllggl\(/: r:gcg bzz-n
AP, constituted from a long polyelectrolyte chain end-capped pp y

by short hydrophobic polymeric chains. Polystyrdrpely- synthesized and explored in aqueous media}. Thg moti\{ation for
(acrylic acid)b-polystyrene was the first example of such AP, tsh'it\rl]vgg(zévizlt:é%fglig' (2? Z?GTI:EF tse;;ntgetlg pl(églst Oollcevrlr?a\:\;utj(i)n
exhibiting unique properties in alkaline agueous solutions (high “I?/vin " polvmerization Ene)t/hod SUC);] as GXI'P that proceeds atg
pH). The main feature distinguishing TPs from conventional 9 poly . proc .
telechelic APs (nonionic hydrophilic part) is that the chain room temperature. and (b) from the potentla[ application po[nt
conformation of the soluble part can be controlled by external of view to °°mb'”? b exce_llent properties of _telechellc
conditions such as the pH and the ionic strength. At a certain pc_)l_yelectrolyte ph_ysmal ge_ls \.N'th the benefits of biocompat-
pH (depending on polyelectrolyte nature) and under salt-free 'blg')%(?r\:ﬁtﬁagsglmy of cationic macromolecules to be com-
conditions, the central chain adopts a stretched conformation,p )

which has fundamental consequences on TP association anqixperimental Section

rheological propertie%:® _ )
A number of recent studies concern block copolymers bearing _Materials. All reagents were purchased from Aldrich, Germany,
unless stated otherwise. Two monomers were used for the synthesis

the ionizable hydrophilic 2-(dimethylamino)ethyl methacrylate of the polymers: the hydrophobic methyl methacrylate (MMA
(DMAEMA) and/or its diethyl homologue (DEAEMA) as one  ggo4y and the hydrophilic 2-(dimethylamino)ethyl methacrylate
of the blocks. PDMAEMA-containing block copolymers include  (pMAEMA, 98%). The bifunctional GTP initiator, 1,4-bis(meth-
amphiphilic block copolymers PDMAEMAPMMA,® double- oxytrimethylsiloxymethylene)cyclohexane (MTSCH), was used.
hydrophilic diblock copolymers P2VB-PDMAEMA,° and/ This was prepared by the silylation of dimethyl 1,4-cyclohexanedi-
or PDMAEMA-b-PDEAEMA!! with interesting responsive  carboxylate (97%), performed in two steps in absolute tetrahydro-
micellar properties, PMMAPDMAEMA—PMMA model chemi- furan (THF): first, the reaction of dimethyl 1,4-cyclohexanedicar-
boxylate byn-butyllithium (2.5 M in hexanes) and diisopropylamine

) _ ) (95%) at—78°C for 2 h; second, the reaction of the product of the
che;gngvgggsraggrreég%]g%cl% 959h7°2“£ be addressed: e-mail Ct@ first reaction with trimethylsilyl chloride (95%) at oC for 2 h.

T University of Patras. Tetrabutylammonium bibenzoate (TBABB) served as the catalyst

# University of Cyprus. of the polymerization. This was prepared by the reaction of

§ Clarkson University. tetrabutylammonium hydroxide (40% aqueous solution) with ben-
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zoic acid (99%), following the method of Dicker et'dITBABB refractive index of the solvent), were determined at the peak of the
was stored under vacuum until the time of polymer synthesis. THF decay rate distributions and the apparent hydrodynamic radii via
was the polymerization solvent, which was dried by refluxing it the StokesEinstein equation:
for 3 days over a potassium/sodium alloy, and was freshly distilled
prior to use. =

Methods. MMA and DMAEMA were passed through basic Fhapp = K T/(671Dpp)
alumina columns to remove the polymerization inhibitor and protic . . . .
impurities. Both monomers were stirred overnight over calcium Whereke is the Boltzmann constant angdis the viscosity of the
hydride and an added free radical inhibitor, 2,2-diphenyl-1- Solvent at temperaturé. ) _
picrylhydrazyl hydrate (DPPH). Calcium hydride neutralizes the  Atomic Force Microscopy. AFM images were recorded using
last traces of moisture and protic impurities, whereas DPPH prevents@ DI multimode scanning probe microscope (Veeco Instruments
undesired free radical polymerization. The two monomers were !NC., Woodbury, NY) operating in the tapping mode. Silicon tip
subsequently stored in the refrigerator. MMA, DMAEMA, and budget sensors (Innovative Solutions Bulgaria, Sofia, Bulgaria) with
MTSCH were vacuum-distilled and stored in the refrigerator in @ radius of<10 nm, a spring constant of 40 N/m, and a resonance
graduated Schlenk flasks under a nitrogen atmosphere until use_frequellwcy of 256-300 kHz were used. AFM images were recorded

Polymer Synthesis The polymerization reactions were carried N 1 5 (1 Hz) at 512 pixel resolution anet1.7 V amplitude set
out under a dry nitrogen atmosphere. All glassware was dried in POINt- Mica of V-1 grade (Structure Probe, Inc., West Chester, PA)
an oven at 140C, and all transfers of liquid were performed using WS used as substrate (disks of 12 mm diameter, freshly cleaved
glass syringes. All block copolymers were prepared by sequential P&fore each spin-coating). _ o i
monomer addition. The procedure followed to synthesize the S@mple Preparation.For the static and dynamic light scattering
MMA 3-b-DMAEMA 5,-b-MMA 5, triblock copolymer with a experiments the _most co_ncentrated sarr_lple solutions were directly
DMAEMA/MMA theoretical molar ratio 80/20 is described below. ~ Prepared to the final desired concentration. The proper amount of
A 250 mL three-neck round-bottom flask, containing a small Polymer was weighed in a screw-capped vial. First, an equivalent
amount of TBABB catalyst, was fitted with two dropping funnels @mount of HCI (1 or 0.1 N) was added to ionize the tertiary amine
and a rubber septum. To this flask, 50 mL of freshly distilled THF 9roups of the PDMAEMA block, and then triply distilled water
was syringed through the septum, followed by 0.50 mL of MTSCH (Millipore) was added to the final volume. The resulting solution
(0.60 g, 1.7x 10-3 mol) bifunctional initiator. Subsequently, 40.3 had a pH of 3. Samples of loweC, were obtained by the
mL of the first monomer, DMAEMA (37.6 g, 0.24 mol), was appropriate dilution of the more _c_oncgntrated solutions with aqueous
introduced to the reactor via one of the dropping funnels at a rate HC! solution of pH 3 and equilibration at room temperature for
of 6—=7 mL/min. This resulted in an exotherm from 26.2 to 47.0 Several hours. For the rheological experiments the solutions were
°C. When the exotherm abated, samples of the resulting DMAEMA directly prepared to the final desired concentration following the
homopolymer were extracted for gel permeation chromatography S&me procedure. i ,
(GPC) and proton nuclear magnetic resonariét NMR) spec- Samples for AFM Experiments at Low Polymt_ar Concentrayon
troscopy analyses. Then, 6.4 mL of the second monomer, MMA (0.0001%) A drop of polymer solution was deposited on the mica
(6.0 g, 0.06 mol), was slowly introduced to the reactor via the other surface. After 5 min contact with the substrate the drop was removed
dropping funnel, resulting in an exotherm from 31.2 to 370 by centrifugal force (using a spin-coater). The 5 min contact was
Finally, samples for GPC artH NMR were obtained. optimized to collect some amount of the ponmer_moIeCL_JIes

All the other triblock copolymers were synthesized similarly, adsorbed on the surface. We assumed that a strong interaction of

by changing the monomer feed ratio to achieve the different the polymer With the solid substrqte may modify conformations of
copolymer compositions. the polyme_r chains and de_stroy m!celles. However, the preadsorbed

Characterization in Organic Solvents. Molecular weights ~ Polymer will decrease the interaction of micelles with the substrate
(MWs) and molecular weight distributions (MWDs) were deter- (© & level when rapidly deposited micelles during the spin-casting
mined using GPC. The GPC equipment consisted of a PL-LC1120 SteP will not be destroyed by adsorption forces.

isocratic pump, an ERC-7515A refractive index detector (Polymer _ Samples for AFM Experiments at High Polymer Concentration
Laboratories), and a PL mixed “D” column. Calibration was carried (0-25%).A drop of polymer solution was deposited onto the mica

out using seven PMMA standards wit,s 630, 4250, 13 000 surface from a syringe. Afterward, the sample was immediately
28000, 50 000, 128 000, and 260 000 g molrhe eluent (THF)l rinsed with Millipore water to remove the polymer solution. Then
was delivered at a flow rate of 1 mL mif ThelH NMR spectra the sample was dried by centrifugal forces on the spin-coater.

of polymer solutions in deuterated chloroform were recorded using Rheometry. The rheological measurements were carried out
a 300 MHz Avance Bruker spectrometer equipped with an USing a controlled strain rheometer ARES Rheometric Scientific,
Ultrashield magnet. equipped with either a coneplate geometry (diameter 25 mm, cone
Hydrogen lon Titration. 5 g of 0.1% wiw solutions of each ~ angle 5.7, truncation 56:m) or a Couette geometry (gap 1,1 mm)
polymer was titrated between pH 2 and 12 using a standard NaOHdepending on the viscosity of the solutions. Care to prevent solvent

0.5 M solution under continuous stirring. The pH was measured €Vaporation was undertaken. After each sample loading, a delay
using a Corning PS30 portable pH meter. The effecti¢e pere of 5 min was applied before measurements to erase the mechanical

calculated as the pH at 50% ionization. history. The temperature, fixed at 250.1 °C, was controlled by

Static Light Scattering. The static light scattering (SLS) @ Wwater bath circulator.
experiments were carried out using a thermally regulaied.X
°C) spectrogoniometer model SEM RD (Sematech, France) equipped
with a He—Ne laser (632.8 nm). The refractive index increments ~ Polymer Synthesis and Characterization.Four PMMA—
dn/dc required for the SLS measurements were obtained by meansPDMAEMA —PMMA triblock copolymers of different compo-
of a Chromatic KMX-16 differential refractometer operating at sjtion (5, 10, 20, and 30% mol MMA) and approximately the
63[2)-8 nm. Liht Seattering. Aut Jation functiong(q) same MW were synthesized by GTP using a bifunctional

ynamic Light scatterning. Autocorreiation functiong(q,t) were initiator. The designed MWs were rather large and close to the

measured with a full multiple digital correlator (ALV-5000/FAST) limits of the GTPgmethod to ensure the dgesired theological

equipped with 280 channels. The light source was an argon ion ’ Th b lecul .
laser (Spectra Physics 2020) operating in single mode at 488 nmProperties. The number-average molecular weigihs, were

with a constant output power of about 150 mW. The correlation found greater than the theoretical values, reflecting partial
functions were analyzed by the constrained regularized CONTIN initiator deactivation due to the low initiator concentration. The
method through CoVA-Jacek Gapinski 2001 software. The apparentpolydispersity indicesNlw/M,) ranged between 1.26 and 1.52.
diffusion coefficients Dapp = I'/f? (q = (4zn/d) sin(0/2), n'is the The composition in MMA of the copolymers as determinedé)esv

Results and Discussion
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Table 1. Molecular Characteristics of PMMA-b-PDMAEMA- b-PMMA Copolymers

polymer type M2 Mw Muw/Mp2 mol % MMA wt % MMA pK precipitation pH
DMAEMA 196 31700 48 209 1.52
MMA >-b-DMAEMA 196b-MMA » 48 600 1.48 2 1.3 7.3 10.78
DMAEMA 25, 38 000 52 008 1.37
MMA 16-b-DMAEMA 25>-b-MMA 16 55 200 1.48 11.6 8.0 7.2 10.78
DMAEMA 224 30800 36 708 1.19
MMA 32-b-DMAEMA 224b-MMA 3 43 100 1.26 223 18.1 7.0 10.86
DMAEMA 150 26 800 35108 131
MMA 35-b-DMAEMA 155-b-MMA 35 42 100 1.46 28.6 24.6 7.3 9.89

aMeasured by SEC chromatograpiyCalculated from théH NMR results.
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Figure 1. Hydrogen ion titration curves for the MMA—DMAEMA 24— Figure 2. Double-logarithmic plot of zero shear viscosity as a
MMA 3, triblock copolymer [0) and the DMAEMA:»4 homopolymer function of polymer concentration in aqueous solution at pH 3 and 25
(O) in water and 25C. °C for (O) MMA 3,—DMAEMA 22— MMA 3, (&) MMA 35—DMAE-

MA 150~ MMA 35, and (:I) MMA 16-b-DMAEMA 35-b-MMA 16.

IH NMR was close to the theoretically expected from the 5 . .
comonomer feed ratio during synthesis. The molecular weights ;e
of the copolymers were determined by those of the precursor o
homopolymers and the copolymer composition. All the molec- e o
ular characteristics of the copolymers have been collected in LN
Table 1.

Hydrogen lon Titration. The effective |Ks of the DMAE-
MA units in all polymers were determined to be around 7.0, in
agreement with previous wofKThe homopolymer (precursor)
solution remained optically clear during the titration between
pH 2 and 12, while the triblock copolymers precipitated at pH
higher than 9.9 (Table 1). Representative hydrogen ion titration 0 1 2 3
curves of the homopolymer and the corresponding copolymer Sin’(6/2)+2500c
are shown in Figure 1. In the following all the experiments were Figure 3. A Zimm plot of the MMAg>b-DMAEMA 5550-MMA 3
carried out at pH 3 where the PDMAEMA middle block was aqueous solutions at pH 3 in the concentration range 6:01B6wt %.

fully protonated to ensure the polyelectrolyte character of the no gel formation was observed up ¢ = 3 wt %. This fact
associative polymer. should be attributed to the small length and the nature of the
Determination of Gelation Concentrations.lt is known that PMMA stickers. It seems that in the concentration range
above a certain concentration the associative telechelic poly-investigated the molecular futures of this TP were not suitable
electrolytes undergo a hierarchical intermolecular association enough to permit the formation of a stable three-dimensional
through hydrophobic attraction of their end-stickers, forming network.
micellar aggregates and a three-dimensional network at elevated Association Phenomena by Light Scatteringln the fol-
concentration83 lowing, MMA 3,—DMAEMA 22,—MMA 3, was chosen for ex-
The critical concentrationgge, above which a physical gel  ploring the association phenomena by using static (SLS) and
is formed, macroscopically observed by a rapid increase of the dynamic light scattering (DLS) experiments. SLS experiments
solution viscosity, was determined by steady-state shear viscosityon a series of aqueous solutions at concentrations between 0.016
measurements. The concentration dependence of the zero-sheand 0.100 wt % were carried out, and the obtained Zimm plot
viscosity as a function of concentration for the three associative is depicted in Figure 3. From the extrapolated zero aKglAl
TP is depicted in Figure 2c4 was determined at the values, an average apparent aggregation number was calculated
concentration corresponding to the intersection of the straight to beNagg= 51. The zero concentration angular dependence of
lines denoting the onset of a transient infinite network formation. K/Al gave an apparent radius of gyratiBg= 142 nm. This
It is obvious thatcge depends on the macromolecular charac- value is much higher than the contour length of the PDMAEMA
teristics of the TP. MMA,—DMAEMA ,,,—MMA 3, exhibited polyelectrolyte block (56 nm), suggesting the formation of
a lowercge than MMAzs—DMAEMA 155—MMA 35 probably due nonmicellar aggregates. However, as can be observed in Figure
to the longer mid-block (bridging chains between the hydro- 3, the Zimm plot was not regular since the angular dependence
phobic PMMA domains). However, in the case of MIViA changed with concentration. Indeed, the deviation from linear
DMAEMA 25.—MMA 16 although it bears the longest mid-block, dependence is more and more remarkable, and the initial %%\?

Kc/alsing (*10°)
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= ";0'4 Figure 5, the dynamic moduli of MM&—DMAEMA 4
= gi = 22 MMA 3, aqueous solutions are depicted as a function of
'10410_310_210410010110210304105 '10_410_310_210_1100101102103104105 frequency for two different concentrations, 1.8 and 1.2 wt %.
(t/ms) (t/ms) The storage modulu§' is higher than the loss modulus’,
and both are independent from frequency exhibiting elastic
10f -, o 1.0 .229 N . .
sl 0.005% 08 "%‘% 0.22% behavior in accordance with other TP physical §éls.
o 06 o 06 Atomic Force Microscopy. High-resolution atomic force
€ 04 € 04 microscopy (AFM) is a powerful technique for the visualization
202 202 of the conformation of a single macromolecule and the
0.0 0.0 morphology of macromolecular self-assemblies deposited on
10410'310'210"(1t?°10‘)10210310“105 10"‘10’“10'210"(1t;)°10‘)10210310“105 flat, low-roughness, surfaces from dilute solutidfsn this
ms ms

work, we have performed AFM experiments on dry PMMA
Gistibutions () obtained from Gynamic fght scatering at Scattoring o Astu PMMA molecules deposited on a mica surface
s ; X . .

angled — 90" in agqueous MMAT}k;-DMAEIaAmbMM,ggz copoly. 9 from solutions of different concentrations. Previously, we have

mer solutions at pH 3 and several concentrations. shown that the so-deposited structures of polar polymer chglns
(e.g., protonated P2VP) appear to be trapped in the solution

increases as concentration increases, suggesting a progressivenformation due to strong attractions among the positively

enhancement of the polydispersity and the size of the largercharged polyelectrolytes and the negatively charged surface

aggregates. (mica)?! Figure 6 displays AFM images obtained after the
DLS was employed to follow the association mechanism deposition from a concentratiap = 104 wt %. The polymer
below and abovege in the range from 5< 1073 to 0.5 wt %. molecules appear as 06 0.1 nm thick 2D wormlike coils

Characteristic plots of the autocorrelation function and the (Figure 6a,b). There are only few chain superpositions (over-
corresponding inverse Laplace transformation performed by laps). Most of the chains are in extended conformations. The
CONTIN are presented in Figure 4. Monomodal distribution latter is consistent with a strong intramolecular electrostatic
of the relaxation times can be observed at low concentrationsrepulsion in PDMAEMA blocks which are fully protonated at

(5 x 1073 wt %) belowcge. This relaxation process exhibits  pH 3. The PMMA chain ends appear as collapsed beads (yellow
diffusive character as evidenced from thendependence of  arrows in Figure 6ee) as expected from their hydrophobic
the Dapp giving an apparenR, = 108 nm. As the polymer  nature. However, in few cases one can observe the onset of
concentration increases, a second slow relaxation mode (secondssociation leading to two types of associates. One type results
peak) appeared. Hence, the apparent hydrodynamic radius wagrom the end-to-end linear association of two, three, or four
increased from 108 to 132 nm in the concentration range (5 macromolecules (Figure 6e). The other type appears as starlike
10-3—-0.1 wt %) while the second peak correspondsfcof “hairy” loose aggregates where the one end of the TP is located
1200 nm, demonstrating a rapid growth of the aggregates inin an irregular hydrophobic core and the other remains as a
the vicinity of cge. A the concentration further increases above dangling end (Figure 6c¢,d). These kinds of aggregates have been
Cgei, Slower relaxation modes appear which should be attributed predicted by molecular dynamics of semiflexible telechelic
to the diffusion of the growing aggregates in accordance with polymers?® The size of the hydrophobic cores (see cross sections
very recent findings in a similar telechelic polyelectrolyte of images in Figure 6c¢,d) cannot be justified solely from the
systemt® Simultaneously, the population of the smaller ag- number of the hydrophobic stickers that participate in the
gregates decreases in favor of bigger ones. Finally, at polymeraggregate, implying that nonprotonated DMAEMA units exist
concentrationc, = 0.5 wt %, four relaxation peaks can be in the core in accordance with other findingsThis is the first
distinguished. The slowest relaxation mode could be correlatedinvestigation in which both types of association are observed,
to the viscoelastic relaxation time of the forming gel pRdse and they can be attributed to the stretched conformation of the
which coexist with big aggregates according to theoretical PDMAEMA, arisen from the repulsive electrostatic interactions
predictions!®18 The nonergotic behavior characteristic of true along the chain, and the relatively short length of PDMAEMA,
gels has not yet been appeared since the three-dimensionaimplying small number of Kuhn segments which prevents
infinite network is formed at concentrations higher than 1 wt looping. CDV
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Figure 7. AFM topography images of the MM&-b-DMAEMA 224
b-MMA 3, deposited on mica from an aqueous solution of concentration
0.25 wt % at pH 3. A finite size cluster (microgel) is marked by the

Il

i yellow cycle.
s s R Conclusions
Figure 6. AFM topography images (a, b), associates (details) (c, d, ~ The agueous solution properties of cationic TPs comprising
e), and corresponding cross sections of the MMADMAEMA 22+ a relatively long poly(dimethylamino)ethyl methacrylate) mid-

b-MMA 3, deposited on mica from low pH aqueous solution and low pjgck end-capped by short poly(methyl methacrylate) blocks

concentration (10 wt %). Yellow arrows indicate PMMA hydrophobic _ : .
beads. The corresponding cross sections for the images ¢ and aat both ends (PMMAPDMAEMA—PMMA) were investi

demonstrate several time higher thickness for the hydrophobic coresgated. The_triblock copolymer was synthesized by the GTP
(1.3-1.5 nm) as compared to the thickness of-00% nm for single method which proceeds at room temperature, an advantage

chains (image e). compared to anionic polymerization used sofar.
In this work, the focus was on the study of the association of
To visualize the morphology of the transient network, an the TP in acidic media, while the rheological properties of the
AFM experiment was performed on a sample deposited from a formed physical gels will be the subject of a forthcoming paper.
polymer solution of concentration slightly abo@ge:. In Figure The PMMA—PDMAEMA —PMMA copolymers are associated
7, the onset of the formation of the expected infinite transient trough the attractive hydrophobic interactions of the PMMA
network can clearly be seen. The molecular resolution of this €nd-blocks as expected. However, novel findings concerning
AFM image show for the first time the internal structure of a the details of TP self-organization as well as the morphology
physical network formed by the association of telechelic of the formed aggregates were achieved by using AFM imaging.

polyelectroytes. The network is formed progressively by the ¢ D2 G 2R (08 TR & e e
association of irregular finite size clusters (marked by a yellow .

cycle in Figure 7) in accordance with the results observed by of a few macromolecules and starlike “hairy” loose aggregates

DLS (Figure 4). The formed aggregates look like the finite size where the one end of TP is located in an irregular hydrophobic

. o . core and the other remains as a dangling end (absence of looping
clusters predicted by Khokhlov et#where the bridging chains - ¢paing) By increasing concentration, finite size clusters (mi-

adopt a stretched conformation (absence of looping chains), ¢rogels) were formed, the size of which changed continuously
interconnecting inner and surface hydrophobic cross-links.  ypon increasing concentration as revealed by DLS. Finally, at

The present findings show a different association mechanismsufficiently higher concentrations an infinite transient network

from that reported previously for thesSb-AAgs-b-nBMAg is formed, the internal structure of which was visualized for
heterotelechelic polyelectrolyte in basic aqueous solufidns. the first time. All the observed structures were mainly attributed

the latter case, flowerlike micelles were formed at low concen- to the polyelectrolyte character and the relative small number
trations, which were associated through loop-to-bridge transi- of Kuhn segments of the central protonated PDMAEMA block.

tions, forming bigger micellar aggregates when the concentration Acknowledgment. This research was supported through a
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