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ABSTRACT: We report on the first successful example of the preparation of triblock copolymers via a cationic
ring-opening polymerization procedure. A library of 30 triblock copolymers was prepared from 2-methyl-, 2-ethyl-,
2-nonyl-, and 2-phenyl-2-oxazoline in a single-mode microwave reactor. The polymers exhibited narrow molecular
weight distributions and showed only minor deviations from the targeted monomer ratio of 33:33:33. The glass-
transition temperature of the triblock copolymers spanned the range from 50 t6Cl@@pending on the
incorporated monomers. The micellization behavior was investigated for some amphiphilic triblock copoly(2-
oxazoline)s containing two hydrophilic and one hydrophobic blocks. The size of the micelles was larger when
the hydrophobic block is located at one end of the triblock copoly(2-oxazoline)s, as measured by atomic force
microscopy and dynamic light scattering.

Introduction erization of 2-oxazolines by a factor of 400 when compared to

Numerous applications of polymers, like micellar catalysis, conventional reflux polymerizatior#. > This observed ac-
drug delivery, and hydrogels, demand well-defined (block co-) celeration was found to solely originate from thermal effects
polymers with narrow molecular weight distributions as @nd not from so-called (nonthermal) microwave effects as was
prerequisité: Ideally, these block copolymers are composed Proven by reference experiments with conductive heating under
of hydrophobic and hydrophilic blocks and, consequently, form Pressure and reflux conditiof2>2°However, slightly narrower
micelles in aqueous solution that (reversibly) entrap hydrophobic Molecular weight distributions were obtained under microwave
molecules like reactants, catalysts, or drugs in their hydrophobic heating due to the homogeneous heat profile in the reaction
core?-11 Recently, the synthesis, properties, and aggregation vessel. This improved microwave polymerization procedure was
behavior of triblock copolymetd gained a lot of attention  recently applied to the synthesis of a 16-membered library of
resulting in, for example, multicompartment micelf&ss that diblock copolymers based on 2-methyl- (MeOx), 2-ethyl-
can store multiple guesté For application of polymers in, e.g.,  (EtOx), 2-phenyl- (PhOx), and 2-nonyl-2-oxazoline (Non®&).
drug delivery, other characteristics such as the polymer's This diblock copolymer library was investigated to establish
biocompatibility and degradability have to be considered as Structure-property relationship3’~2° The synthesis of these
well.}” This biocompatibility directed us to the class of poly- diblock copolymers was performed in a two-step procedure:
(2-oxazoline)s with its numerous congen&$?among which after complete consumption of the first monomer, addition of a
the poly(2-ethyl-2-oxazoline) has been approved by the food second monomer resulted in the formation of well-defined
and drug administration (FDAP. The synthesis of amphiphilic ~ block copolymers (Scheme 1).
diblock copoly(2-oxazoline)s was already reported by various  Using this principle, the synthesis of BAB and star-block
groups!~** The 2-oxazoline monomers undergo living cationic - copolymers has been reported starting fron®btri-,3! tetra-2
ring-opening polymerization under the appropriate conditions, and hexafunction& initiators. In principle, multiblock copoly-
resulting in well-defined polymers with narrow molecular weight  mers can also be synthesized by the sequential addition of
distributions. Nevertheless, widespread industrial applications gifferent monomers to the propagating species. However, to this
of poly(2-oxazoline)s have not been realized since the poly- gate only one report on the synthesis of ABC triblock copoly-
merizations normally require reaction times in the range of (2.oxazoline)s has appeared in the literaffr@hree triblock
several hours up to several days. This disadvantage was recentlyopolymers with the same monomer order were synthesized with
overcome by the use of closed reaction vials and microwave segments shorter than 10 monomer units. The synthesis of longer
irradiatior?* that accelerated the cationic ring-opening polym-  gipiock copoly(2-oxazoline)s was never reported to the best of
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Scheme 1. Schematic Representation of the Two-Step Synthesis of Diblock Copoly(2-oxazoline)s
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ness of the 2-oxazoline polymerizations is lost when increasing
the monomer-to-initiator ratié}34 which also prevents the
synthesis of higher molecular weight copolymers.

The successful microwave-assisted synthesis of the library
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Table 1. Number of Incorporated Monomer Units into the 30
Triblock Copoly(2-oxazoline)s Resulting from CombinedH NMR
Analyses (Top) of the Model [A and AB (Block Co-) Polymers] and

Final Polymers as Well as the Measured Number Average
Molecular Weights (Mn,cpc/PDI; Bottom)?

of diblock copoly(2-oxazoline)s encouraged us to go on with 3rd block
the preparation of a 30-membered_ library of triblock copoly- ;. 504 piock MeOx EtOx PhOx NONOxX
(2-oxazoline) under microwave heating, where the better control MeOx_EtOx 332833 33,3332 333133
and the shorlter polymerization t|m§s rmght be advantggeous. 10.2 kDa/1.21 11.7 KDa/1.24 5.5 kDa/l.44
The synthesis, structural characterizatidd NMR and size MeOx—PhOx  33:31:33 33:33:36 33:30:32
exclusion chromatography, SEC), and thermal properties of a 14.1kDa/1.22 13.9 kDa/1.15 10.2 kDa/1.21
triblock copolymer library consisting of 38 33+ 33 monomer ~ MeOx~NonOx 33:28:33  33:30:37 = 33:29:29
. . . L 9.9kDa/1.20 10.0kDa/1.21 10.6 kDa/1.27
units _of Mer, EtO)_(, PhOx_, and/or N_onOx is desc_rlbed in this  Etox—MeOx 33:33:33 33:29:27 33:34:31
contribution. The micellization behavior of a selection of these 10.9 kDa/1.32 12.4 kDa/1.23 9.5 kDa/1.28
triblock copolymers was investigated to determine possible EtOx-PhOx fgﬁg‘gﬂ 2 fggokﬁi/l o ?ﬁiioligill ”
structure-property relatlonshlps and to mvesygate the .effect EtOX_NonOx 33:33:37 33-33:33 33:33:31
of block order. Such extensive and systematical variations of 10.1 kDa/1.27 9.9 kDa/1.22 11.3 kDa/1.25
block nature and order in triblock copolymer micelles have never PhOx-MeOx 33:35k:3§j 33:27k:33;j 33:3&:3{31/
; 15.3kDa/1.21 15.2 kDa/1.19 9.1 kDa/1.23
been studied so far. PhOx-EtOx  33:35:34 33:42:33 33:38:38
) . 17.8 kDa/1.32 19.1 kDa/1.28 14.1 kDa/1.21
Results and Discussion PhOx-NonOx 33:38:34 33:45:37 33:36:33
. 9.7kDa/1.21 8.8kDa/l.21 11.6 kDa/1.22
The selec_ted set of _2-oxazoI|ne monomers that was used forNonox—PhOx  33:23:27 33:26:24 33:32:33
the synthesis of the triblock copolymers (MeOx, EtOx, PhOx, 7.2kDa/1.40 7.8 kDa/1.33 10.3 kDa/138

and NonOx) yield polymers of different polarity. pMeOx and a1y NMR spectra were recorded in CD@Ir CD,Cl, (PhOx-containing
PEtOx are hydrophilic, while pPhOx and pNonOx are hydro- polymers), and GPC analyses were performed using DMF (with 5 mM
phobic. The monomers differ also by the flexibility of the side NH4PFs) as eluentMs crcwas calculated utilizing PMMA standardsGPC
groups: MeOx and PhOx have rigid substituents, whereas EtOx measurement with CHENEt3:2-PrOH (94:4:2) as eluent (PS calibration).
and NonOx have rather flexible side chains. As a result, pMeOx . . ] o
is compatible with pPhOx as well as pEtOx with pNonOX, A stock solutlc_>r_1 containing the flrst monomer, initiator and
whereas combinations of flexible and rigid substituents tend to Solvent was partitioned into seven vials followed by microwave
(partially) demix?® Copolymers with any combination of irradiation. The initial monomer concentration was 2 M
hydrophobic/hydrophilic and rigid/flexible can be realized with (NonOx), 3 M (PhOx), @ 4 M (MeOx and EtOx) in order to
this small set of four monomers. All possible combinations of have a comparable volume fraction of the first monometq%
MeOx, EtOx, PhOx, and NonOx would result in 64 different V/v). The first and last vials were set aside and used to check
triblock copolymers. However, all polymers that would have the reproducibility of the polymerization of the first block. The
two times the same block after each other (representing diblock Seécond monomer was added under an argon atmosphere to the
copolymers) were excluded, resulting in a 36-membered library. five remaining vials. After the second microwave-assisted
Moreover, the triblock copolymers with pNonOx as first block polymerization step, the second and fifth vials were analyzed
and pMeOx or pEtOx as second block were also rejected sinceto check the reproducibility of the diblock copolymerizations.
the corresponding diblock copolymerizations underwent exten- If these diblock copolymers were identical, it was assumed that
sive chain transfer side reactiofisTherefore, the investigated the first two blocks of the three remaining vials were the same
library of triblock copolymers consisted of 30 different polymers as well. To these three remaining vials, three different monomers
including several pairs of similar polymers such as p(MeOx- (excluding the monomer of the second block) were added under
b-NonOxb-EtOx) and p(EtOxs-NonOx-b-MeOx). All synthe- an argon atmosphere followed by the third microwave-assisted
sized triblock copolymers are listed in Table 1. polymerization step, resulting in the formation of three triblock
Synthesis and Characterization.The triblock copolymers ~ copolymers. The polymerization times required for complete
were synthesized in a three-step sequential procedure using thgonversion [In([My[M];) = 4 corresponding to a monomer
recently discovered optimized microwave polymerization condi- conversion of 98%] of the first, second, and third monomer were
tions2* The polymerizations were performed at 14Q in calculated from the previously determined kinetic parameters
superheated acetonitrile (which caused an excess pressure ofor the homopolymerization®.24 The total required polymer-
~4 bar inside the capped vials) using methyl tosylate as initiator. ization time depends on the initial initiator concentration and
The total triblock copolymer length was chosen to be 100 the reactivity of the monomers. The total polymerization
monomer units (corresponding to 33 units per block) since this times range from 13.2 min [p(MeOx-NonOx-b-MeOx)] to
was found to be the upper limit for the synthesis of well-defined 61.6 min [p(PhOxs-EtOx-b-PhOx)]. The resulting triblock
pMeOx and pNonO## The complete polymerization procedure copoly(2-oxazoline)s were analyzed by size exclusion chroma-
is schematically depicted in Figure 1. tography (SEC) usiniy,N-dimethylformamide (DMF) contain
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B —)> analysis 1= block

Figure 1. Schematic presentation of the synthetic procedure that was applied for the preparation of three triblock copolymers with the same first
and second blocks.
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Figure 2. SEC traces of selected triblock copoly(2-oxazoline)s together with the two model polymerizations of the corresponding first block and
diblock. All measurements were performed in DMF with 5 mM JfPf.

ing 5 mM NH;PF; as eluent (Table 1). Selected SEC traces are more difficult due to the broad backbone signal of the pPhOx
shown in Figure 2. The chromatograms associated with the (3.9—2.4 ppm). In conclusion, the microwave-assisted polym-
model polymerizations (see Figure 1) of the first blocks and of erization procedure proved to be well-suited for the synthesis
the diblock copolymers superimpose perfectly, evidencing the of well-defined triblock copoly(2-oxazoline)s, making this work
good reproducibility. the first successful example (with a reasonable degree of
The SEC traces of most triblock copolymers are monomodal, polymerization of each block) of the synthesis of triblock
demonstrating their successful synthesis. Trimodal molecular copolymers via a cationic ring-opening polymerization process.
weight distributions were observed in only two cases (not  The glass transition temperaturdg)(of the triblock copoly-
shown), namely p(NonOk-PhOxHb-MeOx) and p(NonOxs- (2-oxazoline)s were measured by differential scanning calorim-
PhOxb-EtOx), which is indicative of chain transfer and etry (DSC). Three samples of each triblock copolymer were
subsequent chain-coupling side reacti&hAll other triblock analyzed three times (after an initial first heating run that was
copolymers were obtained with narrow molecular weight not considered for the subsequent calculations) in order to enable
distributions and polydispersity indices (PDI)-ef.3. However, the calculation of standard deviations, which were in the range
it should be mentioned that all NonOx-containing triblock of +3% or lower. The DSC traces revealed melting points in
copolymers have unsymmetrical molecular weight distributions, the narrow range from 143 to 18T for all pNonOx-containing
which is most likely due to the poor solubility of the pNonOx triblock copolymers, which is similar to the melting point of
segment in DMF. This was confirmed by performing a SEC the pNonOx homopolymer (148C).2” Therefore, it can be
analysis using a better solvent for the NonOx block, i.e., a concluded that the length of 33 monomer units in the pNonOx
mixture of chloroform:triethylamine:2-propanol (94:4:2). In this  segments is sufficient for side-chain crystallinity and that the
case the chromatograms are nearly symmetric. presence of other poly(2-oxazoline) segments does not disturb
The synthesized triblock copolymers were also characterizedthe crystallinity. All triblock copolymers without pNonOx were
by 'H NMR spectroscopy to determine the number of incor- found to be amorphous.
porated monomer units. The compositions were calculated from  TheTgs of all the investigated triblock copolymers are plotted
the integrals of the different monomers and of the polymer in Figure 3. TheTgs of the pMeOx, pEtOx, and pPhOXx are also
backboné?® To be able to integrate the aromatic protons of the added in this graph as a reference. Navas detected by DSC
pPhOXx accurately, the pPhOx-containing polymers were mea-for the triblock copolymers having both a pPhOx and a pNonOx
sured in CDCI; instead of CDG. The number of incorporated  segment, in agreement with previous DSC investigations on
monomer units that resulted from thel NMR analyses are  diblock copoly(2-oxazoline)’ The Tq4 of all other triblock
summarized in Table 1. Most of the triblock copolymers consist copolymers depended on the fraction of flexible units in the
of the desired number of monomer units with a deviation of up copolymers. TheTy cover the whole range from 48C for
to 5 units. Four of the triblock copolymers [p(Non@®®hOx- copolymers with a high content of flexible monomers (EtOx or
b-MeOx), p(NonOxb-PhOxb-EtOXx), p(PhOxb-EtOx-h-PhOXx), NonOx) to 98°C for a high content of rigid monomers (MeOx,
and p(PhOxs-NonOx+-EtOx)] revealed a deviation of10 PhOx). Moreover, the glass-transition temperatures did not
units. However, it should be mentioned that the integration of depend on the order of the blocks within the block copoly(2-
the IH NMR spectra of the pPhOx-containing copolymers is oxazoline)s. It is also important to note that none of the trible:%\/
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Six representative amphiphilic copolymers were selected for

100 micellization studies: p(MeOR-EtOx--X), p(EtOxb-MeOx-
b-X), and p(EtOxb-X-b-MeOx) (X = PhOx or NonOx).
L Because of solubility issues, only copolymers with a large
hydrophilic part (2 segments of each 33 monomer units) and a
o e small hydrophobic part (33 monomer units) were investigated.
e Since these triblock copolymers were poorly soluble in water,
40 they were initially dissolved in acetone, a nonselective solvent
for the constituent blocks as ascertained by dynamic light
20 scattering (DLS). Following a previously reported micellization

procedure?®38 water was added dropwise under vigorous
o stirring to the initial polymer solution in acetone. Acetone was

SLSLHY WL WESLLELE 25 £ £ then eliminated by dialysis against water. The resulting micelles
§2232: 2§ E%E{ S5y fu £ should consist of a core containing the hydrophobic block
SSwuly g wWson f&= 2o § (pPPhOx or pNonOx) and a corona comprising the hydrophilic

blocks (pMeOx and pEtOx). In each of the investigated
. copolymers, the degree of polymerization (DP) of the constituent
xazolin nd the pMeOx, pEtOx, and pPhOx homopolymer rt; . . .
% 232(3”%)%3 oc:de(ra. Pl'h:%oyly?me(r)s ’tﬁatd cpontgnedo(a(t)ﬁ)gayst)eoﬁésglo?:ﬁ blocks was constant. This therefore a!lows the direct comparison
of poly(2-nonyl-2-oxazoline) and poly(2-phenyl-2-oxazoline) at the of the characteristic features of the micelles on the basis of three
same time (12 combinations) did not exhibit any glass transition in variable parameters: (i) the localization of the hydrophobic
DSC [Me= pMeOx, Et= pEtOx, Non= pNonOXx, and Pk= pPhOX]. block (pPhOx or pNonOXx) at one end or in the middle of the
triblock copolymer, (ii) the relative localization of the chains
copolymers exhibited more than one glass transition, indicating of pMeOx and pEtOx in the corona of the micelles, and, finally,
that no macroscopic phase separation occurred in the bulk(iii) the chemical nature of the hydrophobic blocks (pPhOx or
material. The absence of macroscopic phase separation is mospNonOx). Such parameters have been scarcely varied in the
likely due to the relatively short segments (33 monomer units) field of block copolymer micelles in which most studies focused
that were incorporated. on the influence of the block copolymer composition and of
Solubility and Micellization Behavior. The solubility of the the relative block length on the micellar characteristic features.
library of triblock copolymers was investigated to study whether For the investigated triblock copoly(2-oxazoline)s, spherical

Figure 3. Glass-transition temperatures of the triblock copoly(2-

the block order has an effect on the solubility. All pPhOx- and
pNonOx-containing triblock copoly(2-oxazoline)s were not

readily soluble in water (10 wt % solutions), whereas the triblock
copolymers consisting of only the water-soluble pMeOx and
pEtOx obviously did dissolve. To further expand the scope of
the solubility investigations, the solubilities (10 wt %) were

investigated in a water:ethanol mixture (50:50 wt %). Again,
all pNonOx-containing polymers were insoluble as well as the
triblock copolymers with two pPhOx segments. As expected,
the p(MeOxb-EtOx-b-MeOx) and p(EtOxs-MeOx-b-EtOx)

micelles were expected on the basis of their compositions (66
hydrophilic monomer units and 33 hydrophobic monomer units).
This assumption was indeed verified by AFM measurements,
as shown in Figure 5 for micelles containing pPhOx as
hydrophobic block. These micelles are rather polydisperse in
size. In the case of the pNonOx-containing samples, the micelles
had more irregular shapes but are mainly spherical. A typical
picture is shown in Figure 4 for the p(MeQxEtOx-b-NonOx)
sample. These AFM pictures of micelles dried on a silicon wafer
do not necessarily represent the real situation existing in solution

copolymers were also soluble in this water:ethanol mixture. For due to tip convolution effects and/or the flattening of the object
the triblock copolymers with one pPhOx segment a strong on the surface. The more pronounced flattening of the pNonOx-
correlation between the solubility of the polymer and the containing micelles, compared to the pPhOx-containing micelles,
monomer order was observed. When the pPhOx was presenis most likely related to the loW of the pNonOx segments.
as outer block, white milky solutions were obtained. On the To avoid tip convolution effects, the diameter of the micelles
other hand, triblock copolymers with pPhOx as middle block was estimated by measuring the observed heibh) ¢f the
formed clear solutions instantaneously (Figure 4). This observed micelles.

difference in solubility most likely results from easier aggrega-  The resulting micelle heightd{) are listed in Table 2. A
tion of the triblock copolymers with pPhOx as outer block, clear effect of the block order, i.e., the localization of the
whereas the pPhOx segment is more effectively solubilized hydrophobic block, on the micellar characteristic features was
when it has two neighboring soluble pMeOx and/or pEtOx observed. The micelle sizes for the two triblock copolymers

blocks that prevent aggregation.

p(MeOx-b-EtOx-b6-PhOx) p(EtOX-b-MeOx-b-PhOx)
p(PhOX-b-MeOx-b-EtOx)

P(MeOx-b-PhOX-b-ELOX)
P{PhOX-b-EtOx-5-MeOx)

p(MeOxb-EtOx-h-PhOx) and p(EtOx-MeOx-b-PhOx) are in

-

2y

p(MeOx-b-PhOx-b-MeOx)
P(EtOX-b-PhOx-b-MeOx) p(EtOX-b-PhOx-b-EtOx)

Figure 4. Picture of the solubility of the different pPhOx-containing triblock copolymers in a water:ethanol (50:50 wt %) mixture that demonstrate

the formation of milky solutions with pPhOx as outer segment and the formation of clear solutions with pPhOx as middle segment.
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p(MeOx-b-EtOx-b-PhOx)
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p(EtOx-b-MeOx-b-PhOx)

Figure 5. AFM height images of micelles formed in water by the triblock copolymers p(Mb&x©Ox-b-PhOx), p(EtOxb-MeOx-b-PhOx), p(EtOx-
b-PhOxb-MeOx), and p(MeOxs-EtOx-b-NonOx) (image size 1.6 1.0 um).

Table 2. Characteristic Features of the Micelles Formed by the Six

Copolymers Investigated in This Study

property
triblock copolymer ClgL™Y R [nm]/PDI D;[nm]
p(EtOx$b-MeOx-b-PhOx) 0.19 19/0.29 18 2.3
p(MeOx+b-EtOx-b-PhOx) 0.21 25/0.49 16 2.2
p(EtOx-h-PhOxh-MeOx) 0.18 13/0.52 1.7
p(EtOxb-MeOx-b-NonOx) 0.20 10t 1.8
p(MeOx-h-EtOx+-NonOx) 0.19 36/0.34 13 2.0
p(EtOxH-NonOxb-MeOx) 0.18 20/0.44 #1.3

aC is the concentration of the micelles in pure water after the dialysis
step.Ry is the hydrodynamic radius (obtained from the CONTIN histogram)
for the individual micellesD; are obtained from AFM images. Note that
the CONTIN analysis of the DLS data for p(Me®&tOx-b-NonOx) could
not resolve a population associated with micelles.

the same range, while it is significantly smaller for the p(EtOx-
b-PhOxb-MeOx) sample where the hydrophobic block is
located in the middle of the copolymer (Table 2). The same
trend was observed for the pNonOx-containing copolymers.
The different micellar solutions were also characterized by
DLS. The data have been analyzed using the CONTIN
routine3®4°Bimodal distributions of objects have been observed
in all investigated samples. In the following, the population
corresponding to the smaller objects will be referred to as
micelles while the minor larger one will be attributed to clusters
of micelles. A typical CONTIN size histogram is shown in
Figure 6. The hydrodynamic radiiRf) associated with the
population of micelles in the CONTIN histogram have been

Normalized Intensity
2

: 10° 10° 10
Ry, (nm)

Figure 6. CONTIN size distribution histogram obtained after analysis

of the DLS signal recorded on the p(Me®&tOx-b-NonOx) sample.

TheR, of the micelles and clusters of micelles correspond to the maxima

of the first and second population of the histogram, respectively.

4

listed in Table 2. These data are in quite good agreement with
those obtained by AFM. Analogously to the observation
obtained from the AFM experiments, the localization of the
hydrophobic block in the middle of the block copolymer results
in smaller micelles.

Conclusions

A 30-membered library of triblock copoly(2-oxazoline)s was
prepared from four differently substituted monomers, nan&aﬂyv
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2-methyl-, 2-ethyl-, 2-nonyl-, and 2-phenyl-2-oxazoline under DLS data were also analyzed by the CONTIN routine, a method
microwave irradiation. Each block copolymer consists of three Which is based on a constraint inverse Laplace transformation of
blocks of 33 monomer units, resulting in a total length of 99 the data and which gives access to a size distribution histogram
units. The improved livingness of the cationic polymerization for the aggregate®. .

under microwave irradiation allowed the successful preparation Atomic force microscopy (AFM) measurements of the micelles

of well-defined triblock copoly(2-oxazoline)s in remarkably ~“e'e performed in the tapping mode with a Veeco Nanoscope IV

N : : . . Multimode microscope operated in air. Cantilevers (NCH type,
short polymerization times ranging from 13.2 to 61.6 min. Size Nanosensors) with a?esor?ance frequency-@80 kHz and(a sprin)ép

exclusion chromatography ariti NMR analysis proved the ¢ onstant of 42 N mt were used. Samples were prepared by spin-
successful synthesis of the triblock copolymers with relatively coating diluted micellar solutions onto silicon wafers.
narrow average molecular weight distributions (PBI1.33). Microwave-Assisted Preparation of the Triblock Copoly(2-
Differential scanning calorimetry revealed that the glass transi- oxazoline)s.All reaction steps for the synthesis of the triblock
tion temperature of the copolymers depends strongly on the copoly(2-oxazoline)s were performed in acetonitrile at 1&0For
flexibility of the side chains of the incorporated monomer units, the synthesis of the first block, solutions (2 mL) with the following
and ranges from 50 to 10, but is independent of the block  initial concentration of monomers were used: [Megx][EtOx]o
order. The micellization study in water of selected triblock = 4M. [PhOxh =3 M, and [NonOxj= 2 M. The polymerizations
copolymers consisting of two water-soluble segments and one V&€ initiated by methyl tosylate, ratio [monomer]:[initiator}
. 33:1. These conditions had proven successful in a precedent kinetic
hydrophobic segment revealed a clear effect of the block order

he micellar si he micelles f | hah study?* For the addition of the second and the third type of
on the micellar size. The micelles from polymers with a hydro- - qnomer, the vials were transferred to an inert atmosphere of argon,

phobic middle block were smaller when compared to micelles gnd the second or third monomer, respectively, was added. The
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W'th predgfmed properﬂes that might flnql future appllca}tlons moI)écuIargweight cutoff of 6006800% g/mol were used for the
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