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bstract

The vesicle-forming surfactant, sodium N-(11-acrylamidoundecanoyl)-l-valinate was polymerized to obtain corresponding polysoap. Light
cattering and fluorescence probe techniques were used to characterize the polysoap. Fluorescence probe studies suggested that the polymer
orms intra-chain as well as inter-chain aggregates. The microenvironment of the aggregates was studied by fluorescence measurements using 1-
nilinonaphthalene, pyrene, and 1,6-diphenylhexatriene (DPH) as probe molecules. Fluorescence anisotropy studies by use of DPH have indicated a

igh local viscosity of the aggregates formed by the polysoap in water. The pH-induced change of the aggregate structure has been studied. The phase
ransition temperature of the polysoap was determined from temperature dependence of fluorescence anisotropy of DPH. Dynamic light scattering

easurements were performed to determine the mean size of the aggregates. Transmission electron micrographs revealed closed vesicles in water.
 2006 Elsevier B.V. All rights reserved.
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. Introduction

Vesicles formed by synthetic surfactants have attracted
remendous attention because of their potential uses as agents
or encapsulation and eventual release of drugs, flavors, and fra-
rances, and also as microreactors for the synthesis of monodis-
ersed nano-sized semiconductor particles [1–8]. Recently, vesi-
les have been proved to be very useful in chromatographic
eparations of various molecules including biomolecules [9–11].
ormally, the vesicles are formed by disruption of bilayer phases
y sonication. However, these metastable vesicles ultimately
evert back to the more stable bilayer lamellar structures from
hich they were formed. Also vesicles can grow through fusion

nd finally precipitate out of solution. Vesicle fusion is believed

o proceed via the formation of intermediate reversed micelles
hus disrupting the bilayer structure of the collided vesicles. The
hanges in vesicle curvature are compensated by the flip-flop of
urfactants from the outer to the inner layer of the vesicles. The
nstability of vesicles thus limits their use in applications men-
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ioned above [12,13]. Therefore, generation of stable vesicles
n aqueous solutions of synthetic surfactants have received con-
iderable attention. One way to obtain structural stabilization
f vesicles is chemically tethering of the surfactant monomers
hrough polymerization. For example, surfactant monomers that
ncorporate vinyl moiety can be covalently linked through poly-
erization. Polymerization prevents the surfactant reorganiza-

ion necessary for the formation of reversed micelles and flip-
op. Recognizing the need for stable vesicles, many authors
ave synthesized both cationic and anionic polymerized surfac-
ant vesicles. The subject has been reviewed by Mueller et al.
ecently [14]. The vesicles formed by polysoaps are reported to
e more stable and less permeable than respective monomeric
nes [15]. Therefore, polymerized vesicles are expected to act as
etter encapsulants of cosmetic substances and pharmaceutical
rugs. Polymerized vesicles in the bulk phase have been shown
s a biomimetic system that are capable of carrying out cell-like
unctions [16].
Recently, we have synthesized an N-acyl amino acid surfac-
ant (NAAS), sodium N-(11-acrylamidoundecanoyl)-l-valinate
SAUV) that can be polymerized through the acrylamido group
t the end of the hydrocarbon tail. We have shown that SAUV sur-

mailto:joydey@chem.iitkgp.emet.in
dx.doi.org/10.1016/j.colsurfa.2006.05.002
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hart 1. Chemical structure of poly[sodium N-(11-acrylamidoundecanoyl)-l-
alinate].

actant spontaneously forms closed spherical vesicles in aqueous
olutions [17]. In this work, we report the self-organization
roperties of the corresponding polysoap poly[sodium N-(11-
crylamidoundecanoyl)-l-valinate] (PSAUV) (see Chart 1 for
tructure). The objectives are (i) to investigate the nature and
ize of the microstructures formed in aqueous solution; and (ii) to
tudy the stability of the aggregates against pH and temperature.

. Experimental section

.1. Materials

The fluorescence probes pyrene, 1-anilinonaphthalene (AN),
nd 1,6-diphenyl-1,3,5-hexatriene (DPH) (Aldrich) were recrys-
allized from acetone–ethanol mixture at least three times.
urity of these probes was tested by the fluorescence emis-
ion and excitation spectra. Acryloyl chloride (Aldrich) and
1-aminoundecanoic acid (Aldrich), N-hydroxysuccinimide
SRL), dicyclohexylcarbodiimide (SRL), and l-valine (SRL),
ere used without further purification. Potassium persulfate

MERCK) was recrystallized from water. Analytical grade
odium hydroxide, sodium bicarbonate, disodium hydrogen
hosphate, sodium dihydrogen phosphate, sodium acetate and
ydrochloric acid were procured locally and were used directly
rom the bottle. All solvents used were of good quality com-
ercially available and whenever necessary purified, dried and

istilled fresh before use. Millipore Milli Q water (18 M�, pH
.7) was used for all aqueous studies.

.1.1. Synthesis of PSAUV
The N-(11-acryl-amidoundecanoyl)-l-valine was synthe-

ized from N-hydroxysuccinimide ester of 11-acrylamidounde-
anoic acid (AU) and corresponding amino acid by slight modi-
cation of the method reported in the literature [18]. The AU was
ynthesized and purified according to the procedure described
lsewhere [19]. The sodium salt (2 g) of the above N-acyl amino
cid, SAUV was dissolved in 100 mL of water and polymerized
t 60 ◦C by free radical polymerization using K2S2O8 (14 mg)
s water-soluble initiator according to the procedure reported in
he literature [19]. The duration of polymerization was 1 h. The
olymer solution was dialyzed for 72 h using 12 kDa molec-

lar weight cut off dialysis bag against alkaline water (pH
) with frequent change of water and then lyophilized to get
SAUV. The polymerization was confirmed by the disappear-
nce of the vinyl proton peaks between ( values 5.0–7.0 in

i
(
d
t

ochem. Eng. Aspects  290 (2006) 62–69 63

he 1H NMR spectra in D2O. Also the broadness of the peaks
uggested polymeric structure. Further the FT-IR spectrum of
he polymers showed no C=C stretching frequency around
625 cm−1 confirming the polymeric structure. The specific
otation [�]D

25 (H2O, c 0.20) = −6◦ confirmed optical activity
f PSAUV.

.2. Instrumentation

1H NMR spectra were recorded on a Bruker SEM 200 instru-
ent in D2O solvent. The UV–vis spectra were recorded in a
himadzu (model 1601) spectrophotometer. The optical rotation
f PSAUV was measured with a Jasco P-1020 digital polarime-
er. Melting points were determined with Instind (Kolkata) melt-
ng point apparatus in open capillaries. The pH measurements
ere done with Thermo Orion model 150A+ digital pH meter.
ll measurements reported in the manuscript were repeated until
e were satisfied with the quality of the data.
The steady-state fluorescence spectra were measured on a

PEX Fluorolog-3 spectrofluorometer. Saturated aqueous solu-
ion of pyrene or AN was used to make polymer solutions
0.2% (w/v)). Appropriate volume of this stock solution was
sed to make various dilutions of the polymer stock solution.
he pyrene and AN labeled polymer solutions were excited at
35 and 340 nm, respectively. The emission was recorded in the
avelength range 360–500 nm. The excitation and emission slits
aving band-ass equal to 1 nm was used for fluorescence mea-
urements. Fluorescence anisotropy (r) of DPH was measured
n a Perkin Elmer LS-55 luminescence spectrometer equipped
ith filter polarizers that uses the L-format configuration. The

emperature of the water-jacketed cell holder was controlled by
se of a Thermo Neslab RTE 7 circulating bath. The sample
as excited at 350 nm and the emission intensity was followed

t 450 nm using excitation and emission slits with band-pass of
.5 and 5 nm, respectively.

For transmission electron microscopic measurements, a
arbon-coated copper grid was dipped in a drop of the aqueous
olymer solution (0.25 g L−1), blotted with filter paper, and neg-
tively stained with freshly prepared 1% aqueous uranyl acetate.
he specimens were examined on a Phillips CM 200 electron
icroscope operating at 200 keV.
The light scattering measurements were performed with a

hotal DLS-7000 (Otsuka Electronics CO. Ltd., Osaka, Japan)
ptical system equipped with an Ar+ ion laser (75 mW) operated
t 16 mW at λo = 488 nm, a digital correlator, and a computer-
ontrolled and stepping-motor-driven variable angle detection
ystem. The instrument was calibrated with toluene for which
he Rayleigh ratio is known. For static light scattering (SLS)

easurements, a stock polymer solution was prepared in Milli-Q
ater. Then it was diluted to the desired concentrations (0.125,
.25, 0.5, 1, 1.5 g L−1). The refractive index increment of the
ample solutions was determined by use of a double beam
ifferential refractometer (DRM-1021, Photal, Otsuka Electron-

cs). The solutions were filtered through a micro syringe filter
0.22 �m) to the scattering cell. Measurements were made at 10
ifferent angles from 45 to 135◦ for each of the polymer solu-
ions. For dynamic light scattering (DLS) measurements, the
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olutions were filtered directly into the scattering cell through a
illipore Millex syringe filter (Triton free, 0.22 �m). The data
ere analyzed using the second-order cumulant method. All

ight scattering measurements were performed at room temper-
ture was ∼25 ◦C.

. Results and discussion

.1. Microstructure formation

.1.1. Light scattering studies
The weight average molecular weight (Mw) of the polymer

as determined by static light scattering (SLS) measurements.
ince the polysoap PSAUV is highly soluble in water, the mea-
urements were carried out in aqueous solutions. The scattering
ntensities at different concentrations were measured at various
cattering angles in the range 45–135◦. The scattered intensity
ata obtained at various angles for different polymer solutions
ere analyzed by use of the following equation [20]:

Kc

Rθ

= 1

Mw

(
1 + 1

3
〈R2

g〉Zq2
)

+ 2A2c (1)

here K is an optical constant, expressed asK = 4πn2(dn/dc)2/

NAλ4
o), and q = (4πn/λo) sin (θ/2) with NA, dn/dc, n, and λo

eing Avogadro’s number, the specific refractive index incre-
ent, the solvent refractive index, and the wavelength of light

n a vacuum, respectively. Rθ known as excess Rayleigh ratio
s the angular dependence of the excess absolute time-averaged
cattered intensity and, c is the polymer concentration in g L−1.

R2
g〉1/2

z
is the root-mean-square z-average radius of gyration.

2 is the second virial coefficient. As can be observed from
he representative plots (Fig. 1) the reciprocal scattered inten-

ity initially rise steeply from the intercept, bend over with the
ncrease in concentration, and then become nearly horizontal
o concentration-axis. This may suggest aggregation of poly-

er chains. Also the curves for polymer samples with different

Fig. 1. Plot of KC/Rθ vs. polymer concentration.
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ig. 2. Plot of KC/Rθ vs. sin2 (θ/2) for different concentration of PSAUV in
queous solution.

olymer contents seem to converge to the same intercept at the
ero concentration, corresponding to the inverse of the weight
verage molecular weight of PSAUV. The angle-dependence
lots of reciprocal scattering intensity at different PSAUV con-
entrations are shown in Fig. 2. The interesting feature of the
lots is the negative slope of the line for dilute solutions. This
ndicates that the reciprocal scattered intensity increases with
ncreasing scattering angle, which is opposite to that seen for
eutral polymer solutions, where the slope is always positive.
s the polymer concentration is increased the slope of the line

ncreases with increasing concentration and eventually become
ositive, somewhat curved at low angles. These are consistent
ith the results reported for polyelectrolytes in aqueous solu-

ions [21]. The negative slope for the dilute solution suggests
hat the polysoap behaves as a polyelectrolyte in aqueous solu-
ions having concentration ≤0.125 g L−1.

The intensity of scattered light by the polymer solutions at
oncentrations below 0.125 g L−1 was very weak. Therefore, the
eight average molecular weight of the polymer was obtained

rom the reciprocal scattered intensity data for the most dilute
0.125 g L−1) solution among the polymer solutions employed in
his study. Since the concentration of PSAUV in dilute solutions
s very low, the second term in Eq. (1) can be assumed to be
ero. The equation thus transforms to

Kc

Rθ

= 1

Mw
+ 1

3Mw
〈R2

g〉Zq2 (2)

he values of Mw and 〈R2
g〉z were calculated from the intercept

nd slope of the linear plot (Fig. 3). The Mw and 〈R2
g〉1/2

z
values

ere obtained as 1.3 × 105 and 36 nm, respectively. The Mw
alue of the polymer is less than that reported for the structurally
imilar polysoap poly(sodium 11-acrylamidoundecanoate)

1.89 × 106) [19]. Thus, each polymer chain of PSAUV con-
ains an average 345 monomeric surfactant units. The high Mw
alues of the polysoaps suggest that polymerization of vesi-
les spontaneously formed by the surfactant monomers result
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ig. 3. Plot of relative intensity (I/Io) of AN as a function of PSAUV concen-
ration; inset: plot of the shift of emission maximum (�λ = λwater − λsolution) of
N as a function of polymer concentration.
n zipping-up of the two layers of the bilayer membrane (see
hart 2).

Dynamic light scattering (DLS) measurement was also per-
ormed to obtain hydrodynamic radius (Rh) of the polysoap. The

d
h
f
A

hart 2. Schematic representation of the formation of intra-, and inter-chain polym
olymerized multilamellar vesicle; (C) unimer after dilution of polymerized vesicle
ultilamellar structure at higher concentration and at pH > 7.
ochem. Eng. Aspects  290 (2006) 62–69 65

verage translational diffusion constants, D for the polysoap was
btained from measurements of angular dependence of the relax-
tion rate (Γ = Dq2) of intensity autocorrelation function. The
pparent D-value thus obtained is of the order of ∼10−12 m2 s−1.
he translational diffusion constant is related to the hydrody-
amic radius, Rh through Stokes–Einstein equation [22]:

h = kT

6πηD
(3)

here k is Boltzmann constant, T the absolute temperature, and
the solvent viscosity. The average Rh value thus obtained is

8 nm, which is very close to that of 〈R2
g〉1/2

z
(36 nm). This sug-

ests that the polymer chains exist in the spherical conformation
globular form).

.1.2. Fluorescence probe studies
The surfactant units in the polymer chain can assemble in

way to form unimolecular micelles in aqueous solution. This
rocess is expected to be concentration independent. On the
ther hand, the polymer chains can also undergo concentration-

ependent self-organization to form inter-chain aggregates at
igher concentrations. In order to examine hydrophobic domain
ormation, we have performed fluorescence probe studies using
N as a probe molecule. Though AN is weakly fluorescent in

eric vesicles: (A) multilamellar vesicle formed from surfactant monomer; (B)
at pH > 7; (D) unilamellar vesicles in dilute solution at pH < 7; and (E) flat
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queous solution its fluorescence spectrum in the presence of
SAUV shows 10 times increase of intensity accompanied by
48 nm spectral shift toward shorter wavelengths relative to

hat in water. This suggests that the probe molecules are solubi-
ized in nonpolar environments within the polymer chain. This
s possible only if self-association of the pendent amphiphilic
roups takes place within the same polymer chain. The change
f relative fluorescence intensity (I/Io, where I and Io are the
uorescence intensities of AN in the presence and absence of
olymer, respectively) with polymer concentration is shown in
ig. 3. The corresponding shift of the emission maximum is
lso plotted as a function of polymer concentration (see inset of
ig. 3). Although spectral shift remain unaltered after complete
olubilization of the probe within the hydrophobic domains of
olymer chain, the intensity keeps increasing. Large enhance-
ent of I/Io at higher polymer concentrations indicates forma-

ion of inter-chain aggregates. This is consistent with the light
cattering results (Fig. 1). The plot shows that the onset of
nter-chain aggregation occurs at a polymer concentration of

0.2 g L−1. In analogy with the critical micelle concentration
cmc) of monomeric surfactant, the concentration corresponding
o the inflection point can be referred as the critical aggrega-
ion concentration (cac). Thus, cac obtained from the plot is
bout 0.2 g L−1. The absence of any concentration-independent
egion in the plot in Fig. 3 suggests that single polymer chain
as also hydrophobic domains that can bind probes in dilute
queous solutions. The large enhancement of the fluorescence
ntensity of AN molecule upon addition of polymer indicates
hat the fluidity of its microenvironment is less. The rigidity of
he microenvironment as a result enhanced chain packing is due
o the reduced mobility of the hydrophobic chains in the aggre-
ate. This is also supported by the fluorescence anisotropy data
s discussed below.

The enhanced chain packing in the hydrophobic domains
ormed by the polysoaps is manifested by the fluorescence
nisotropy of DPH probe which is a well-known membrane flu-
dity probe and has been used for studying many lipid bilayer

embranes [23–25]. Therefore, the steady-state fluorescence
nisotropy of DPH was measured at polymer concentrations
bove and below the cac. The fluorescence spectrum (not shown
ere) of DPH shows enhancement of intensity accompanied
y a small blue shift in the presence of polymer relative to
hat in water indicating solubilization of the probe molecules
ithin nonpolar environments. The anisotropy values for solu-

ions below and above cac (at pH 7) are 0.233 (0.02 g L−1) and
.266 (0.25 g L−1), respectively. The r-values were found to be
losely equal to those of liposomes [23]. Relatively high value
f r in low as well as in high concentrations suggests an ordered
nvironment around the DPH probe in the assemblies. That is
he hydrocarbon chains of the surfactant units are tightly packed
n the intra-chain aggregates. The r-value in presence of the
olysoap is higher than that of the corresponding monomeric
urfactant [17]. This is obviously a consequence of absence of

he flip-flop of the surfactant chains between layers and due to
tronger amide hydrogen bonding between two adjacent sur-
actant units in the polymer chain. Others have also reported a
ecrease of membrane fluidity in polymerized vesicles [15]. Low

c
t
(
t

sicochem. Eng. Aspects 290 (2006) 62–69

uidity of the membrane provides evidence of zipping-up of the
wo layers of the vesicles rather than linear polymerization of the

onomers (Chart 2). This means that the multilamellar vesicles
MLVs) (A) formed by the surfactant monomers retain their
tructures (B) upon polymerization as shown in Chart 2. The
olymerized vesicle upon dilution produces unilamellar vesicles
ULVs). The existence of vesicular aggregates can be found in
he TEM micrographs of PSAUV solutions as discussed below.

The vesicles formed in both dilute and concentrated solutions
emain stable even after a month. This was confirmed by fluo-
escence probe studies using AN, and DPH as probe molecules.
he fluorescence spectrum of AN (not shown here) remained
naltered after 30 days of sample preparation. Similarly r-value
f DPH probe also remained unchanged which suggests that the
onformation of the polymer chain does not change upon aging
f the solution.

.1.3. Transmission electron microscopy (TEM)
The TEM measurements were carried out to investigate the

orphologies of the intra- and inter-chain aggregates of the
olysoaps in water. In dilute solution, the TEM pictures showed
o morphology. This is because the polysoap exists as unimers
t pH above 7.0. However, the TEM pictures of the solutions
ontaining 0.25 g L−1 PSAUV polymer reveal closed spherical
esicles (Fig. 4) of different sizes. The diameters of the vesi-
les formed by PSAUV are in the range 65 nm–3.6 �m. That is
he vesicles formed are polydisperse in size. The average size of
esicles obtained by DLS measurements as expected is less than
hat is observed from TEM images. Also it is not clear from the
ictures whether the vesicles formed by the polymers are uni-
r multilamellar type.

.2. Stability of microstructures

.2.1. Effect of pH on self-assembly formation
Since the polysoap has carboxylate groups, it is expected

hat there will be an influence of pH on the conformation of
he polymer and hence, the aggregate structure. Consequently,
here will be a change of microenvironments (polarity and flu-
dity) of the hydrophobic domains in the polymer chain. It is
ell-known that the intensity ratio I1/I3 of the first (373 nm) and

he third (383 nm) vibronic peaks of the pyrene fluorescence
pectrum depends upon polarity of the microenvironment of the
robe solubilized within hydrophobic domains formed through
elf-organization of molecules [26–29]. Therefore, the polarity
atio I1/I3 was measured in the presence of polysoap at different
H. The variation of I1/I3 with pH is shown in Fig. 5. In con-
entrated polymer (0.25 g L−1) solution (pH 8.0), the polarity
atio was low (1.42) which did not change significantly with the
ecrease of pH. This indicates hydrophobic domain formation
n concentrated solution as discussed above. At higher polymer
oncentrations, due to chain entanglement of the unimers the
robe molecule may be solubilized deep into the hydrocarbon

ore so that protonation of the carboxylate groups does not affect
he polarity of its microenvironment. On the other hand, in dilute
0.02 g L−1) aqueous solution (pH > 8.0), the I1/I3 ratio is close
o that of water (1.81), which suggests that the polymer is present
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compared to the respective values obtained in dilute solution.
Fig. 4. Negatively stained TEM p

n the chain extended form. As the pH is decreased below neutral
H the polarity ratio decreased. The plot in Fig. 5 suggests that
he local environment around the probe molecule becomes more
ydrophobic at low pH. The hydrophobic domain formation
ust result from pH-induced conformational change of the poly-
er. Since similar observation was also made with the surfactant
onomers, this can be attributed to ionization of the carboxylic

cid group. The decrease of ionization at lower pH results in
decrease of charge repulsion and hence, tighter packing of

he hydrocarbon chains thereby preventing water penetration.
his means decrease of polarity of the local environment of the
robe molecule. The change of micropolarity with the change of
H should be accompanied by a change in microfluidity of the

ydrophobic domains. Indeed fluorescence anisotropy value of
PH probes increases with the decrease of pH of the polymer

olution (Fig. 6). Similar but small changes were also observed

ig. 5. Plot of intensity ratio corresponding to first and third vibronic bands
I1/I3), of pyrene vs. pH in 0.02 g L−1 polymer solution.

T
t
I

F
0

s of 0.25 g L−1 PSAUV solution.

ith concentrated (0.25 g L−1) polymer solutions (not shown in
he figure).

The concentration and pH-dependent micropolarity and
icrofluidity changes of the polysoap can be explained by the

hange in microstructure as presented in Chart 2. The unimer
C), which is present in the extended form in dilute solution at
H > 8 gets folded to form a closed bilayer structure (D) with
owering of pH as manifested by the increase of fluorescence
nisotropy of DPH probe. This is similar to that of a ULV formed
y surfactant monomers. At higher concentrations, however, the
nimers self-assemble to form flat multilayer structure (E) as
ndicated by the high anisotropy value and low polarity ratio
he flat lamellar structure (E) upon decrease of pH is converted
o closed MLV (B) with only a small change in anisotropy and
1/I3 ratio.

ig. 6. Plot of fluorescence anisotropy (r) of DPH as a function of pH in
.02 g L−1 polymer solution.
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[
[12] J.H. Fendler, Acc. Chem. Res. 13 (1980) 7.
ig. 7. Plot of fluorescence anisotropy (r) of DPH in presence of 0.25 g L−1

SAUV vs. temperature.

The pH values corresponding to the inflection point of the
lots in Figs. 5 and 6 can be taken as the pKa of the car-
oxylic acid group. The pKa value thus obtained from the plot
n Fig. 5 is 7.5, which is close to the corresponding value of the
onomeric counterpart (6.8) [17]. Also, the pKa value is higher

han that of free surfactant units (∼5.0) [17]. This may be due
o higher negative charge density of the aggregate surface of
he polysoap. This supports earlier conclusion that bilayer vesi-
le structures formed by the surfactant monomers are retained
fter polymerization. The high charge density also suggests that
he hydrocarbon chains of the surfactant unit in the polymer are
ightly packed. The pKa obtained from the inflection point of
he plot in Fig. 6 is closely similar to the value obtained from
uorescence titration of pyrene.

.2.2. Effect of temperature
In our earlier report, we have shown that the vesicles formed

y the surfactant monomers are stable only below 40 ◦C [17].
bove this temperature the vesicles transformed to the liquid

rystalline state. The phase transition temperature was revealed
n the plot of fluorescence anisotropy versus temperature. In
rder to study the stability of the polymeric vesicles of PSAUV,
e have measured r at various temperatures. The plot of r as
function of temperature is shown in Fig. 7. It can be seen

hat r-value in 0.25 g L−1 aqueous solution of PSAUV decreases
ith the increase in temperature. The temperature correspond-

ng to the inflection point of the sigmoid curves can be taken
s phase transition temperature (Tc) between gel-like states to
iquid-crystalline state, which involves a change of mobility of
he hydrocarbon chains in the assembly. The Tc value obtained
rom the plot is 46.2 ◦C. It is observed that the value of Tc is
ess for dilute solution (41.1 ◦C) compared to that of concen-
rated solution. This perhaps indicates that the multi-lamellar

esicles formed through inter-chain aggregation are more sta-
le compared to those formed by intra-chain aggregation. The
arge change in r-value in concentrated solution with the rise in
emperature clearly indicates denaturation of inter-chain aggre-

[
[
[

sicochem. Eng. Aspects 290 (2006) 62–69

ates to produce the intra-chain aggregates. It is interesting to
ote that even at high temperature, the anisotropy value is above
.14, which suggests that the bilayer structure of the vesicles is
etained. This shows that the ULVs as well as MLVs formed by
he polymers are very stable.

. Conclusions

In aqueous solution, SAUV vesicles upon polymerization
roduce polysoap with the degree of polymerization equal to
bout 345. About 440 polymer chains are produced from the
esicles formed by SAUV monomer. The polysoap form closed
esicle-like intra- and inter-chain aggregates in water below
eutral pH. The intra-chain aggregates are unilamellar vesicles,
hereas the inter-chain aggregates are multilamellar type. TEM

mages also revealed large vesicles that are formed through inter-
hain aggregation under the influence of some non-hydrophobic
nteractions. Both LUVs and MLVs formed by the polysoap are
table for more than a month. The stability is also indicated by
igher phase transition temperature. Therefore, the polymeric
esicles may have potential applications in drug delivery. Since
he head group of the polysoap being made of chiral amino
cid it is expected to be biocompatible. Besides, the polysoap is
ighly water-soluble and has small size in the aggregated as well
s in chain opened structures. Consequently, they can penetrate
embranes and also can be excreted out of the body with ease.
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