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Abstract

It has been shown by us in a recent communication that homopolymers, in which each repeat unit
contains a hydrophilic and a hydrophobic head group, are capable of forming environment dependent
micellar or inverse micellar assemblies. A systematic structure-property relationship study is carried
out here to test the scope of the design. We show here that the molecular design is indeed broadly
applicable and that there is a significant gain in the critical aggregation concentrations of these
polymers, compared to the small molecule counterparts. We also show that the design can be tuned
to achieve vesicle-type assemblies, which further expands the repertoire of amphiphilic
homopolymers in a variety of areas. Characterizations of these assemblies have been carried out
using transmission electron microscopy, dynamic light scattering, static light scattering, and dye
incorporation experiments.

Introduction

Molecules based on amphiphilic building blocks are capable of providing diverse self-
assembled structures, because of their differential interaction energy with the solvent surface.
Lsuch amphiphilic assemblies could find use in a variety of applications ranging from biology
to materials.? There is significant interest in polymer-based supramolecular assemblies,
because of the enhanced stabilities and lower critical aggregation concentrations that these
macromolecules are capable of providing.2d Block copolymers have been a popular choice for
these types of assemblies, where one of the blocks is relatively more incompatible with the
solvent milieu.3 We have recently developed a molecular design based on homopolymers in
which both the hydrophilic and the hydrophobic moieties are incorporated within the monomer
unit.# In that preliminary communication, we had demonstrated that such homopolymers are
capable of providing both micelle-like and inverse micelle-like assemblies depending on the
solvent environment, which is an amplified consequence of the molecular level conformational
changes in each monomer unit. Since then, we have shown that such polymer assemblies are
indeed unique and therefore could find complementary applications in a broad range of areas.
57 For example, we have reported that the micellar interiors of these polymers could be used
as nanocontainers to carry out organic photochemical reactions and that the selectivities in
these reactions are much higher than those obtained with micellar containers based on block
copolymers or small molecule surfactants.® We have also demonstrated that these
environment-dependent polymer assemblies are unique in that these are kinetically trapped in
the solvent used for initial assembly.6 We have demonstrated that such a feature could be used
as nanocontainers for separation of organic molecules.

Considering the possible implications in a variety of areas, it is important that we fully test the
scope of our molecular design. Here, we describe the details of a systematic structure-property
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relationship study. We address the following in this paper: (i) could one apply the structural
guidelines developed using our styrene-based polymers for the formation of responsive
micelles to other polymer backbones? In other words, are the design guidelines applicable
broadly? (ii) How does the nature of the micellar interior vary with the backbone of the polymer
and the hydrophobic functionality? (iii) What are the critical micelle concentrations (cmc) of
these polymers? How does this vary with the structure of the building blocks of the polymer?
How different are these from the small molecule surfactants? (iv) Could one use a similar design
principle to achieve vesicle-like assemblies? What are the critical structural requirements for
such assemblies? (v) Are the vesicle-like assemblies responsive to the solvent environment?
We describe here the design and syntheses of the monomers and the polymers, followed by
the characterization of the assemblies formed by these structures using transmission electron
microscopy (TEM), dynamic light scattering (DLS), static light scattering studies (SLS), dye-
based studies to estimate the polarity of the micellar interior and vesicular membranes, and
estimation of critical aggregation constants for micelles82 and vesicles8P.

Results and Discussion

Design and Synthesis of Monomers and Polymers

In our original molecular design, we had stipulated that the hydrophilic and the hydrophaobic
functionalities should be on either sides of a rigid scaffold such that the monomer is facially
amphiphilic. As a consequence of this presumed criterion, we had substituted the hydrophilic
and the hydrophobic moieties at the 3-, and 5- positions of a benzene ring relative to the
Bolymerizable double bond, as illustrated by structures PS6M, PS8M and PS10M (Chart 1).

Such a pre-condition in the molecular design narrows down the scope of these amphiphilic
homopolymers. Therefore, we have been interested in identifying whether a simple placement
of a hydrophilic and hydrophobic moiety with a flexible linker within a monomer unit is
sufficient to achieve the observed environmentally sensitive assemblies. Demonstration of such
a feature will obviously expand the scope of the homopolymers in amphiphilic assemblies.

To test this, we have designed and synthesized polymers PA6M, PA8M and PA10M, shown
in Chart 1. In these structures, glycine has been derivatized with alkyl chains of different
lengths. The secondary amine is then attached to an acryl moiety. The resultant acrylamide
polymer has simple design features, i.e. a flexible side chain functionality of the polymer in
which each repeat unit contains both a hydrophilic and a hydrophobic moiety. If our molecular
design can indeed be applied to a wide variety of structures, then polymers PA6M should form
micelles or inverted micelles depending on the solvent environment, just as with polymers
PS6M, PS8M, and PS10M.

Also, in order to test whether we could use similar design guidelines to achieve vesicle-type
assemblies, polymers PA5SV, PA7V, PA10V and PA15V containing bolamphiphilic10
moieties were synthesized. The key structural feature of these polymers is the presence of two
hydrophilic carboxylic functionalities connected by alkyl chains of varying lengths. Our
hypothesis is that such a presentation of the functionalities in a homopolymer side chain could
provide a more direct pathway to achieve vesicular assemblies. For example, the only
difference between structures PA10M and PA10V is that the polymer PA10V contains an
additional -CO»H functionality at the end of the long alkyl chain. Would PA10M form a
micelle-like assembly, while PA10V forms a vesicle-type assembly?

Monomers for the synthesis of acrylamide polymers were synthesized from the ethyl ester of
glycine, haloalkanes (or methyl ester of haloalkanoic acid), and acryloyl chloride, as shown in
Scheme 1. Synthesis of 11-17 was achieved using the reversible addition-fragmentation-
termination (RAFT) polymerization method.1 This controlled radical polymerization
technique afforded the polymers 11-17 with a reasonable control in polydispersity, as
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illustrated in Scheme 1. Saponification of the ester using potassium hydroxide followed by
acidification afforded the polymers. This hydrolysis step proceeded with >95% yield, as
discerned from the complete disappearance of the alkanol part of the ester peaks in the 1H
NMR of the polymers. Details of the synthesis and characterization of these polymers are
outlined in the Supporting Information.

Characterization of the micelle-type assemblies

First, we were interested in identifying whether the polymers PA6M, PA8M, and PA10M
would be capable of forming solvent-dependent micelle and inverse micelle-type assemblies.
This will test whether the design of homopolymers to form micelles or inverse micelles is more
broadly applicable. Transmission electron microscopy (TEM) has been a popular and effective
tool for characterizing amphiphilic supramolecular assemblies.*4 To prepare a micellar
solution of the polymer, it had to be dissolved in water. For this purpose, polymers were
converted to the corresponding metal carboxylates using lithium hydroxide as the base. The
TEM obtained from an aqueous solution of the polymer PA6M is shown in Figure 1a, which
suggests that this polymer does afford a micelle-type assembly in water. Analysis of these
pictures suggests that the average particle size of the micellar assembly in the aqueous phase
is about 70 nm. Similarly, the polymer PA6M was dissolved in toluene and the TEM picture
obtained from this solution suggests that an inverse micelle-type assembly is formed (Figure
1b). The average size of these assemblies was determined to be about 120 nm. Similar
environment-dependent nanoassemblies were also obtained with polymers PA8M and
PA10M.

One could be understandably skeptical of the particle size measurements obtained from TEM,
since the solution-based sample is dried in the process. Laser light scattering is a non-invasive
method of analyzing the aggregates in solution. In order to investigate the correlation between
the assemblies in an aqueous solution compared to a dried sample in TEM, we measured the
size of the particles obtained from polymer PA6M using dynamic light scattering (DLS). The
hydrodynamic radius (Ry), obtained using DLS, for the aqueous solution of PA6M was about
53 nm (comparable to Rtgp 0f 35 nm). We also determined the radius of gyration (Rg) of
these nanoassemblies using static light scattering (SLS). The Rg of PA6M in the agueous phase
was found to be about 41 nm.13 Ratio of the radius of gyration vs. the hydrodynamic radius
(Rg/Rp), known as p, is sensitive to the nature of the assembly in solution.24 In the case of
polymer PAG6M, this ratio is about 0.77, which indicates the formation of a micelle-type
assembly.

It is to be noted that the sizes we obtain from TEM and DLS seem rather large to be called
micelles. The micelles obtained from these polymers are expected to be closer to those obtained
from small molecule surfactants, such as SDS. The rather large sizes obtained here might lead
one to suggest that these assemblies might be akin to vesicles. Note that the size alone does
not qualify these assemblies as vesicles; they are indeed micellar assemblies, because: (i) the
TEM images obtained from micelles are darker in the interior, while the water-filled interiors
of vesicles are lighter than the periphery. The former was indeed the case with these polymers
and therefore resembles micelles.13 (ii) Micelles are capable of sequestering hydrophobic
guest molecules, but not hydrophilic ones, in water. Vesicles are capable of sequestering
hydrophilic guest molecules in their interior, and hydrophobic molecules within their
membranes. These polymers do not exhibit the ability to sequester hydrophilic guest molecules
and do sequester hydrophobic guests (vide infra), consistent with micelle formation. (iii)
Micellar interiors are typically more hydrophobic compared to the membranes in typical
vesicles. This was indeed the case with the polymers under study (vide infra). (iv) There is
sufficient literature precedence for micellar assemblies affording sizes bigger than the
expected, both with small molecule surfactants and with amphiphilic block copolymers.15 Al
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though various investigators call these with different names, the underlying theme in all these
observation is that these are aggregation of micelles. It is possible that our polymers also fall
under this category.

If the polymers do indeed form micelle-type and inverse micelle-type assemblies in water and
apolar solvents respectively, these polymers should be capable of acting as nanocontainers for
apolar guest molecules in water and vice versa. To investigate this possibility, we first used
pyrene as the guest molecule in water. Pyrene also exhibits an emission spectrum, the fine
structure of which is sensitive to the microenvironment in which it is present.16 Therefore, this
guest molecule also provides the opportunity to investigate the polarity of the micellar interior
formed by these polymers. Pyrene is not very soluble in water by itself, as could be discerned
from the absorption spectrum of pyrene obtained in water (Figure 1c). However, ina 104 M
solution of the polymer PA6M in water, an absorbance of 0.4 was obtained at 337 nm. This
result suggests that the micelle-type assembly is capable of sequestering apolar guest molecules
in water. If this apolar guest molecule is indeed present in the hydrophobic interior of a micelle-
type assembly, the ratio of the intensity of the fluorescence peaks (I1/13) should be much lesser
than 1.8. Indeed, the value obtained for the polymer PA6M is about 1.2. This value compares
well with the micellar interior formed from small molecule surfactants such as SDS, which
exhibits a value of 1.2.17

Similarly, to investigate the formation of inverse micelles, rhodamine-6G (R6G) that is not
soluble in toluene is used as the probe.18 In the presence of the polymer PAG6M, it is clear that
R6G can be dissolved in the solution from its color and the linear absorption spectra. Since
this dye molecule exhibits self-quenching properties, it is also possible to investigate whether
it is indeed sequestered inside a nanoscale inverse micelle-type particle. If a certain amount of
R6G is uniformly distributed in a solvent that it is soluble, such as water, it could fluoresce
without any self-quenching effects (Figure 1d). However, when the same amount of the dye
molecule is sequestered inside a 120 nm particle, the local concentration of R6G within the
inverse micelle increases dramatically, although the overall solution concentration of R6G is
the same as the aqueous solution. This increase in local concentration would result in self-
quenching. This is indeed the observed result with this dye molecule and the inverse micelle
formed by polymer PA6M, as shown in Figure 1d. Similar behavior was also observed with
polymers PA8M and PA10M.

The sensitivity of pyrene emission to its microenvironment has been utilized to determine the
CMC of the micelle.19 Since these polymers can be considered to be polymerized surfactants,
itis useful to compare the CMC of these polymers with the corresponding building block units.
For this purpose, we have synthesized the corresponding building blocks 18-20 by reducing
the double bond of the acrylamide monomers, as shown in Scheme 2. When comparing the
small molecules with the corresponding polymers, comparison of the CMCs using
concentration can be misleading; because, the molecular weights of the polymers are high and
these macromolecules contain several copies of the surfactants. Therefore, comparison of the
CMCs based on weight is more appropriate. For example, comparison of PA6M and 18 based
on concentration suggests an increase in the CMC for the polymer by four orders of magnitude
(Table 1). However, the comparison using weight suggests that this increase corresponds to
only about two orders of magnitude. It is gratifying to note a significant enhancement in the
CMC for the polymer PA6M. The CMC understandably decreases in the small molecule as
well as in the polymer, when the length of the hydrophobic chain is increased. But, the
magnitude of the gain in CMCs upon going from the monomer to a polymer seems to vary
with the nature of the alkyl group; the CMC decreases about 39 times for the octyl and 226
times for the decyl chain. This difference in stage at which a significant difference in CMC is
observed for the polymer and the small molecule is attributed to the relative packing of the
hydrophobic chains in the small molecule vs. the polymer. In the polymer, the relative distance
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between an amphiphilic functionality and its neighbor is dictated by the covalent bonds in the
polymer backbone. On the other hand, this packing is more adjustable in the small molecule.

It is also interesting to note that the 14/13 values for the small molecules above CMC is lower
than those for the corresponding polymers; i.e. small molecules afford a better hydrophobic
environment compared to the polymers. This can be explained by the same argument above.
That is, the packing mode in the polymer is dictated by the repeat units, whereas small
molecules can better accommodate themselves relative to their neighbors to optimize the
packing. This could afford a more hydrophobic environment in the latter case. While this is a
reasonable explanation, there is also an alternate possibility. Since the CMCs of the small
molecules are inherently higher, the 11/13 values for these are calculated at a higher
concentration. This also means that the number of micellar containers (or more appropriately
the relative volume of the micellar containers) is larger in the small molecules. The 11/l values
are really a measure of the distribution coefficient of pyrene between the bulk solvent and the
micellar container. When there is a greater volume of the hydrophaobic containers available,
the relative 11/13 is likely to be lower. To distinguish these two possibilities, we measured the
11/13 for pyrene in the presence of polymers PA6M and PA10M at concentrations similar to
those above the CMC of 18 and 20. We found that the 11/I3 value did not change with this huge
increase in concentration of the polymer. This suggests that the former mechanism (differential
packing for the polymer vs. the small molecule) is operational.

Previously, we had reported on the TEM behavior and the environment-dependent container
properties of the amphiphilic polystyrenes.4 However, the CMC of these polymers have not
been reported. It is interesting to compare the CMCs obtained from these polymers compared
to the corresponding acrylamide polymers PA6M, PA8M and PA10M. The CMCs of the
polystyrenes are similar to those of polyacrylamides, when the hydrophobic functionalities are
based on hexyl and the octyl groups. However, this difference increases to about an order of
magnitude in the case of decyl moiety. This is attributed to the relatively flexible nature of the
acrylamide backbone to accommodate the formation of a micellar assembly, relative to the
polystyrene backbone. It is also interesting to note that the hydrophobicity of the interior in the
case of the polystyrenes is higher than the corresponding polyacrylamides. This is
understandable, since the polymer backbone itself is more hydrophobic in the case of
polystyrenes relative to the polyacrylamides.

The observed CMCs for the polymers PS6M, PS8M and PS10M could seem contradictory to
our preliminary communication, at first glance.4 In our previous report, we had reported that
we have observed the micellar assemblies using TEM even at nM concentrations. However,
here we report that the CMC of these types of polymer are in the range of 10~/ M. This apparent
inconsistency can be easily understood, when the underlying theme in both these measurements
are understood. The TEM measurement represents the picture of a dried sample of an
amphiphilic polymer assembly at various concentrations. On the other hand, the above-
mentioned CMC measurements are based on the distribution ratio of a guest molecule between
the micellar interior formed by the polymer and the bulk solvent. This distribution ratio will
obviously change with the concentration of the polymer. Therefore, it is very possible that at
lower concentrations the polymer still forms a spherical assembly. However, this assembly
does not effectively compete for the guest molecule with the bulk solvent at low concentrations.
Note that the inherent solubility of pyrene in water is aboutl 10~/ Mm.192

Characterization of the vesicle-type assemblies

It is interesting to ask whether the structures of the building blocks within the homopolymers
could be tuned to achieve vesicular assemblies. We hypothesized that incorporating two
hydrophilic head groups on either side of an alkyl chain should be able to afford vesicle
structures. Polymer vesicles based on amphiphilic polymers have been previously achieved
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using block copolymers or polymers containing two hydrophobic tails for every hydrophilic
head group.<* In our case, we ask whether polymerized bolamphiphiles are capable of
providing vesicle-type assemblies.

First, we studied the lithium carboxylate of polymer, PA10V, in water. It was gratifying to
note that the TEM picture of this solution exhibited a vesicular morphology, as shown in Figure
2a. Our hypothesis is that a vesicle-like assembly is obtained from the polymer PA10V, because
one of the carboxylate moieties is presented in the exterior while the other carboxylate is
presented in the water-filled interior of the vesicle. It is reasonable to expect the length of the
alkyl chain between the two carboxylate moieties to impact the nature of the amphiphilic
assembly formed from the polymers. Accordingly, we studied polymers PA5V, PA7V, and
PA15V, where the nitrogen of the acrylamide functionality and the non-glycine carboxylate
functionality are separated by five, seven, and fifteen methylene units respectively. TEM
images obtained from an aqueous solution of PA15V clearly exhibit a vesicle-type assembly,
while those from PA5V do not exhibit anything that resembles a vesicle, as exemplified in
Figure 2b.

We were intrigued by the fact that these polymers are also soluble in apolar organic solvents.
In order to investigate the nature of the assembly in these solvents, TEM images were obtained
from the toluene solution of polymer PA10V (Figure 2c). These images indicate the formation
of large inverted micelle-like assemblies. We hypothesize that the long alkyl chains could bend
to form a hydrophobic corona and a hydrophilic core. However, we note that the size of the
assembly is much larger than even the vesicles from aqueous solutions. These assemblies are
thus reminiscent of the so-called compound-micelles.21 Compound micelles are considered
to be larger aggregates of smaller inverted-micellar assemblies. The presence of the inverse
micelle-type assembly was further confirmed by a dye encapsulation study (vide infra). We
propose a simple model that in the case of polymers PA10V and PA15V, the chain could fold
and thereby presenting a hydrophobic surface while tucking in the hydrophilic carboxylic acid
moieties. The proposed model for these polymers is schematically represented in Figure 3.

We measured the size of the particles obtained from polymer PA10V using dynamic light
scattering. The hydrodynamic radius (Ry) of the particle was found to be about 28 nm. Note
that the size of the particles obtained from TEM is the diameter of the particle and therefore
the particle sizes obtained from the two measurements are very similar. To obtain additional
evidence for the vesicle formation in this solution, we also carried out static light scattering
measurements that afforded a radius of gyration (Rg) of about 29 nm. As mentioned earlier,
the Rg/Ry (p) is sensitive to a particular morphology. The fact that this ratio is 1.04 further
supports the formation of vesicle-like assemblies in solution. The TEM picture of polymers
PA10V and PA15V also suggest that these assemblies are unilamellar in nature.

The formation of these assemblies can be further ascertained by studying the container
properties. Interestingly, the vesicle assemblies should be able to sequester both hydrophilic
dye molecules as well as hydrophobic dye molecules. The hydrophilic dye molecules can be
sequestered within the polar, water-containing interiors of the vesicles; the apolar guest
molecules can be incorporated within the apolar membranes of the vesicles. We utilized the
self-quenching nature of rhodamine-6G to probe the nature of the vesicle assemblies. R6G was
incorporated into the polymer assembly from PA10V in water and dialyzed the solution to
remove any unbound dye molecules. The fluorescence from this solution was compared with
an absorbance-matched solution of R6G in water without polymer PA10V. The enhanced
quenching in the presence of the polymer supports the presence of vesicle-type structures, as
shown in Figure 4a. Since the polymer is negatively charged and R6G is positively charged,
the observed quenching could be attributed to a simple surface binding of R6G and thus increase
in local concentration and self-quenching. In order to address this issue, we carried out these

J Am Chem Soc. Author manuscript; available in PMC 2008 August 27.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Savariar et al.

Summary

Page 7

experiments with a negatively charged polar dye (calcein) that also exhibits self-quenching at
higher concentrations. Similar results were observed in this system, as shown in Figure 4b,
further supporting the presence of vesicle structures. The amount of R6G inside the vesicular
interiors is greater than calcein, as discerned from the absorbance of the solutions and extent
of quenching in these two dyes. This is understandable, considering the electrostatic
complementarity of R6G with the carboxylates of the polymer.

Similarly, the self-quenching behavior of R6G was also used to investigate the formation of
inverse micelles in toluene with polymers PA10V and PA15V. R6G is insoluble in toluene by
itself. The fact that significant amount of the dye is solubilized in toluene in the presence of
the polymer PA10V combined with the self-quenching behavior suggests the formation of
inverse micelle-type assemblies in toluene.

As mentioned above, hydrophobic guest molecules can also be incorporated within the vesicle
membranes in water. When pyrene was incorporated within the aqueous polymer assemblies
of PA5V, PA7V, PA10V and PA15V in water, 11/I3 ratios were found to be 1.85, 1.75, 1.52
and 1.22 respectively.13 It is immediately obvious that polymers PA5V and PA7V do not
provide environments that are sufficiently different from bulk water for pyrene. This supports
the absence of vesicle or micelle type structures for the polymers, as discerned from our TEM
studies above. Both polymers PA10V and PA15V provide sufficiently different environments
compared to water. It is more so in the case of polymer PA15V, which is understandable due
to the longer alkyl chain length and therefore an opportunity for better isolation of pyrene from
the bulk solvent (water). It is remarkable that among the micelle-forming polymers including
PAG6M, which contains only a hexyl hydrophobic chain, exhibits a much less polar environment
compared to polymer PA15V containing a pentadecyl alkyl chain linker. We attribute this to
the fact that micellar interiors are more capable of excluding water from its interior compared
to the vesicular membranes. In the latter case, the guest molecule is in an environment that is
surrounded by water on both sides, while the interior does not contain water in the former
scenario.

We utilized changes in the excitation spectra of pyrene to evaluate the critical aggregation
concentration of polymers PA5V, PA7V, PA10V and PA15V. No change in the excitation
spectra was observed with increasing concentration of polymers PA5V and PA7V. This is
understandable, since we have already noted from our TEM studies that these polymers do not
form well-defined amphiphilic assemblies in water. The CAC of the polymers PA10V and
PA15V is 50 and 2 mg/L respectively. We have also synthesized the corresponding small
molecule building block units 21 and 22 for comparison. The CACs for these molecules were
found to be 180 and 140 mg/L respectively (Table 1). Note that the difference between the
decyl and hexadecyl linkers in the case of small molecules is much smaller than in the case of
polymer (Figure 5). We attribute this to the possibility that pre-organization of a large number
of amphiphiles in a polymer chain lends itself to making the critical jump in the CAC upon
increasing the alkyl chain lengths earlier (even between decyl and hexadecyl), compared to the
small molecules. Here too, the hydrophobicity of the aggregates formed by the small molecules
is much higher than the corresponding polymers, which can be explained by the differential
packing of the amphiphiles in these two classes of molecules, as explained above.

We have synthesized a series of amphiphilic homopolymers and the corresponding building
block units as model compounds to develop a systematic structure-property relationship. We
show here that: (i) the amphiphilic homopolymer design is indeed applicable broadly. We have
shown that polymers containing hydrophilic and hydrophobic groups within a flexible building
block do indeed provide environment-dependent amphiphilic assemblies. (ii) When two
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hydrophilic head groups linked by a long, hydrophobic alkyl chain are incorporated on to the
repeat units of the homopolymer, vesicular assemblies are obtained. A critical chain length is
necessary to obtain such assemblies. (iii) The vesicle-type assemblies are also environment-
dependent; i.e. these polymers also form inverted micelle type assemblies in apolar solvents
such as toluene, (iv) Compared to the small molecule building blocks, the critical aggregation
concentrations for these polymers are much lower. The polarity of the interior of the polymer-
based assemblies is however less hydrophobic compared to the building blocks, which has
been attributed to the relative packing abilities in the assemblies, (v) The micellar, inverse
micellar, and the vesicular assemblies are all capable of acting as nanocontainers for the
corresponding small organic molecules. However, we do not yet understand the exact reason
for the rather large sizes of the micellar assemblies formed from the amphiphilic
homopolymers. (vi) Finally, it is important to note that all these assemblies are obtained by
merely dissolving the polymer in the solvents mentioned. The fact that we do not need extensive
processing to achieve these amphiphilic supramolecular assemblies is likely to render them
broadly applicable in a variety of applications.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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TEM pictures from a) solution of PA6M in water b) solution of PA6M in toluene, c) Absorption
spectra of pyrene in water and in aqueous solution of PA6M. d) Emission spectra of absorption-
matched rhodamine 6G in water and in toluene solution of PA6M.
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Figure 2.
TEM pictures from a) PA10V in water, b) PA5V in water c) PA10V in toluene.
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Vesicles in polar solvents Reverse Micelle in apolar solvents

Figure 3.
Schematic representation of vesicle and reverse micelle formation.
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Figure 5.
Plot of I33g/l333 in the excitation spectra vs concentrations of PA15V and 22.
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PA6M, R- = CgH13- 11, R- = CgHy3-, Mn= 23 KDa, PDI = 1.36

PA8M, R- = CgH,7- 12, R- = CgH;7-, Mn= 20 KDa, PDI = 1.24
PA10M, R- = C;gHy- 13, R- = CygHzs-, Mn= 19 KDa, PDI= 1.28

PAS5V, R- = HO,C-CsHy4- 14, R- = MeO,C-CsH11-, Mn= 24 KDa, PDI= 1.32

PA7V, R- = HO,C-C/H;5- 15, R- = MeO,C-C7Hy5-, Mn= 27 KDa, PDI= 1.32

PA10V, R- = HO,C-CgHa1- 16, R- = MeO,C-CyoHay-, Mn= 10 KDa, PDI=1.12
PA15V, R- = HOC-Cy5Ha;. 17, R- = MeO,C-CgH3-, Mn= 30 KDa, PDI= 1.36

Scheme 1.
General synthetic approach to polymers PA6M, PASM, PA10M, PA5V, PA7V, PA10V and
PA15V.
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Scheme 2.
Synthesis of the building block surfactant.
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Chart 1.
Structure of the amphiphilic homopolymers studied.
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CAC and I1/15 values for polymers and building blocks
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Compound CAC 1,/1;above the CAC
mg/L M

PS6M 7 5.8x1077 1.10
PS8M 6 3.9x1077 1.10
PS10M 5 3.3x107/ 0.98
PA6M 5 2.5x1077 1.20
PASM 5 2.4x1077 1.16
PA10M 0.6 3.3x10°8 1.14
PA5SV NA NA 1.85
PATV NA NA 1.75
PALOV 50 5.8x10°° 1.52
PA15V 2 7.4x1078 1.22
18 450 2.1x10°3 1.00
19 193 7.9x107* 0.85
20 136 5x107* 1.10
21 180 5.7x10~ 0.90
22 140 3.6x107 0.78
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