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Aggregation behavior of polystyrene-based amphiphilic
diblock copolymers in organic media

Tomoe Arai, Makoto Masaoka, Tomohiro Michitaka, Yosuke Watanabe, Akihito Hashidzume
and Takahiro Sato

Two polystyrene (PS)-based amphiphilic diblock copolymers, PS(x)-PV(y) with x/y¼3.3�7.7 and PS(x)-PA(y) with

x/y¼1.2�13.7 (where PS(x)-PV(y) and PS(x)-PA(y) possess poly[(ar-vinylbenzyl)trimethylammonium chloride] and poly(2-

acrylamido-2-methylpropanesulfonic acid) blocks, respectively, and x and y are the degrees of polymerization), were prepared by

reversible addition-fragmentation chain transfer radical polymerization to investigate the formation of reverse micelles by these

copolymers in less polar organic media. The PS(x)-PV(y) samples were more dispersible in halogenated solvents, for example,

chloroform and 1,2-dichloroethane (DCE), than the PS(x)-PA(y) samples because of the higher solvophobicity of the PA block.
1H NMR spectra for the PS(x)-PV(y) and PS(x)-PA(y) samples measured in CDCl3 exhibited no signals that corresponded to

the PV or PA blocks in the diblock copolymers, which indicated that the PS(x)-PV(y) and PS(x)-PA(y) samples formed reverse

micelles in halogenated solvents with the PV or PA blocks in the core. The structures of the reverse micelles formed from

the PS(x)-PV(y) samples in DCE were investigated in detail by static and dynamic light scattering. The light scattering data

indicated that PS(x)-PV(y) formed star-like micelles at x/y46 and non-star-like micelles at x/yo6 in DCE. The morphology of

the micelles formed from PS(x)-PV(y) with x/yo6 in DCE was most likely brush-like.
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INTRODUCTION

Amphiphilic polymers possessing solvophilic and solvophobic units
in the same polymer chain form various types of aggregates in
selective solvents depending on the chemical structure of the
polymer.1–4 Their aggregation behavior is important not only
because they are used in various applications including cosmetics,
drug delivery systems, paints, coatings and personal care goods5–7 but
also because they are useful as simple models for the formation of
higher order structures of biological macromolecules. Therefore, the
aggregation behavior of amphiphilic polymers has been studied by a
number of research groups over the past two or more decades.1–4

According to the results of these studies, the aggregation behavior of
amphiphilic polymers can be controlled by changing the chemical
structure.

Amphiphilic diblock copolymers have been the most investigated
because of their simple structures, similar to those of low-molecular-
weight surfactants.8–15 A larger number of studies on amphiphilic
diblock copolymers have indicated that these copolymers form
various types of aggregates (for example, star-like, brush-like and
disk-like micelles and vesicles) in selective solvents.9–15 A large
majority of recent studies on amphiphilic diblock copolymers have

used aqueous solutions, which are of interest for environmentally
benign systems.16–21 Recently, we have been focusing on reverse
micelles formed by amphiphilic diblock copolymers in less polar
organic media to utilize the hydrophilic core as a medium for
chemical reactions. Because the type of hydrophilic unit may be
critical for chemical reactions in the hydrophilic core, the formation
of reverse micelles from amphiphilic diblock copolymers consisting of
various hydrophilic blocks needs to be investigated.

Because styrene is a representative vinyl monomer, polystyrene
(PS)-based amphiphilic diblock copolymers containing several hydro-
philic blocks (for example, poly(ethylene oxide), poly(4-vinylpyri-
dine), poly(2-vinylpyridine), poly(acrylic acid) and poly(methacrylic
acid)) have been prepared, and the formation of reverse micelles by
these copolymers has been investigated.22–30 These studies have
elucidated the micellization behavior as a function of the ratio of
the block lengths, but the effect of the type of hydrophilic block still
needs to be clarified. In this study, we synthesized new PS-based
amphiphilic diblock copolymers (that is, PS-b-poly[(ar-vinylbenzyl)
trimethylammonium chloride] and PS-b-poly(2-acrylamide-2-methyl-
propanesulfonic acid), PS(x)-PV(y) and PS(x)-PA(y), respectively;
Scheme 1) and investigated the formation of reverse micelles by these
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copolymers in 1,2-dichloroethane. The characterization data for the
reverse micelles of PS(x)-PV(y) were compared with the data for the
reverse micelles of other PS-based amphiphilic diblock copolymers.

EXPERIMENTAL PROCEDURE

Materials
Styrene was purchased from Wako Pure Chemical Industries (Osaka, Japan)

and purified by distillation under reduced pressure immediately before use.

(ar-Vinylbenzyl)trimethylammonium chloride (VTAC) and 2-acrylamido-2-

methylpropanesulfonic acid (AMPS) were purchased from Sigma-Aldrich

(St Louis, MO, USA) and Wako Pure Chemical Industries (Osaka, Japan),

respectively, and used as received. 2,20-Azobis(isobutyronitrile) (AIBN) was

purchased from Kanto Chemical Co. (Tokyo, Japan) and purified by

recrystallization from methanol. 1-Cyano-1-methylethyl dithiobenzoate

(CMEDTB), which was used as a chain transfer agent (CTA), was prepared

according to a previously reported procedure.31,32 Toluene and N,N-

dimethylformamide (DMF), which were used for polymerization, were

distilled over calcium hydride under reduced pressure immediately before

use. 1,2-Dichloroethane (DCE), which was used for measurements, was

purified by distillation. Other reagents were used without further purification.

Preparation of diblock copolymer samples
A typical example of the reversible addition-fragmentation chain transfer

(RAFT) radical polymerization of styrene is described below. Styrene (12.0 ml,

104 mmol), CMEDTB (228 mg, 1.03 mmol) and AIBN (34 mg, 0.21 mmol)

were dissolved in toluene (60 ml) using a 100-ml flask equipped with a three-

way stopcock under an argon atmosphere, and then the flask was warmed

using an oil bath maintained at 80 1C for 24 h. The polymerization was

terminated by rapid cooling with an ice-water bath. The reaction mixture

was slowly poured into a large excess of methanol. The obtained polymer was

recovered by filtration and dried under reduced pressure at room temperature

(yield 2.5 g, 23%).

A typical preparation for PS(x)-PV(y) is described below. The obtained

polystyrene (PS) (macro-CTA) (Mn¼ 2.6� 103, 0.52 g, 0.20 mmol), VTAC

(466 mg, 2.2 mmol) and AIBN (6.4 mg, 0.039 mmol) were dissolved in DMF

(5.2 ml) in a test tube equipped with a three-way stopcock under an argon

atmosphere, and then the tube was warmed with an oil bath maintained at

80 1C for 24 h. The polymerization was terminated by rapid cooling with an

ice-water bath. The reaction mixture was slowly poured into a large excess of

water to recover the prepared polymer. The polymer was dried under reduced

pressure at room temperature (yield 0.67 g, 33%).

Measurements
Size exclusion chromatography measurements of the PS samples were

performed at 30 1C using a system consisting of a Tosoh DP-8020 pump, a

Viscotek TDA 302 detector and two Tosoh TSKgel GMHXL columns connected

in series using THF as the eluent at a flow rate of 1.0 ml min�1. The molecular

weights were calibrated with polystyrene standards (Tosoh TSK standard

POLYSTYRENE). The size exclusion chromatography measurements of the

copolymers were performed at 35 1C on a Shodex GPC-101 equipped with a

Tosoh TSKgel GMHXL column using DMF as the eluent at a flow rate of

0.5 ml min�1. Shodex RI-71 and Wyatt DAWN HELEOS-II detectors were

used. The sample solutions were filtered with a 0.20-mm PTFE membrane filter

immediately before performing the measurements.
1H NMR spectra were collected on a JEOL JNM ECA500 or ECS400

spectrometer using dimethyl sulfoxide-d6 (DMSO-d6) or CDCl3 as the solvent

at 30 1C or 50 1C.

Various solvents were added to the dried samples of PS(x)-PV(y) and PS(x)-

PA(y), and the mixtures were vigorously stirred at room temperature to

examine the dispersibility of the samples in the solvents.

Simultaneous static and dynamic light scattering (SLS and DLS, respec-

tively) experiments were performed for the copolymer solutions in DCE at

25.0 1C using an ALV/SLS/DLS-5000 light scattering instrument equipped with

an ALV-5000 multiple t digital correlator using a Nd:YAG (532 nm) laser. The

solutions of the PS(x)-PV(y) and PS(x)-PA(y) samples in DCE that were used

in the light scattering measurements were optically cleaned by filtration

through a 0.45- or 0.50-mm PTFE membrane filter into a cell. The excess

Rayleigh ratio Ry obtained by SLS and the first cumulant G obtained by DLS

(with the CONTIN analysis32,33) for each solution were analyzed using the

following standard equations:32–34

lim
k!0

ðKc=RyÞ1=2¼M � 1=2
w þA2M

1=2
w cþOðc2Þ ð1aÞ

lim
c!0

ðKc=RyÞ1=2¼M � 1=2
w 1þ 1

6
hS2izk

2 þOðk4Þ
� �

ð1bÞ

lim
k;c!0

G=k2¼D¼ kBT

6pZ0RH
ð1cÞ

to determine the weight average molar mass Mw, the second virial coefficient

A2, the z-average square radius of gyration /S2Sz and the hydrodynamic

radius RH of the aggregate in the solution. Here K is the optical constant, c is

the copolymer mass concentration, D is the diffusion coefficient, k2 is the

square of the scattering vector, kBT is the Boltzmann constant multiplied by the

absolute temperature and Z0 is the solvent viscosity coefficient.

The specific refractive index increment qn/qc for each sample of PS(x)-

PV(y) and PS(x)-PA(y) in DCE was determined with a Shimadzu modified

Schulz-Cantow type differential refractometer at 25.0 1C to calculate the optical

constant K present in equations 1a and b.

It is known that the true Mw is not obtained by light scattering when the

copolymer sample has a composition distribution. This composition distribu-

tion effect is examined in the Supplementary Information. Because the

correction factors for Mw were estimated to be near unity, we have neglected

the composition distribution effect on Mw in the following discussion.

RESULTS AND DISCUSSION

In this study, amphiphilic block copolymers possessing a hydrophobic
PS block were prepared by RAFT radical polymerization. Several PS
samples with different degrees of polymerization (x¼ 23�69) and
narrow molecular weight distributions (Mw/Mn¼ 1.07–1.16) were
first prepared by RAFT radical polymerization using CMEDTB as a
CTA in modest yield (18�39%). Then, VTAC and AMPS were
polymerized by RAFT radical polymerization using a prepared PS
sample as a macro-CTA to yield PS(x)-PV(y) and PS(x)-PA(y)
samples, respectively.

CH CH2 CH

C O

NH

CH3C CH3

CH2

SO3H

S

CH CH2 CH S

CH2

x y

x y

N

CH3

H3C CH3

Cl
PS(x)-PV(y)

PS(x)-PA(y)

CH3

CH3

CN

C
S

CH3

CH3

CN

C
S

C CH2

C CH2

Scheme 1 Structure of the diblock copolymers used in this study, PS(x)-

PV(y) and PS(x)-PA(y).
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Figure 1a shows a typical example of the 1H NMR spectra for
PS(37)-PV(6) in DMSO-d6, the common solvent. The spectrum
contains signals that correspond to the benzyl and methyl protons in
the VTAC units at ca. 4.7 and 3.0 p.p.m., respectively, to the phenyl
protons in the PS units at ca. 6.5 p.p.m. and to the terminal AIBN
fragment at ca. 1 p.p.m. Table 1 lists the degrees of polymerization
(x and y) determined by 1H NMR spectra for the PS(x)-PV(y) and
PS(x)-PA(y) samples obtained and their number average molecular
weights Mn calculated from x and y with the molar masses of PS
(M0,S¼ 104), PV (M0,V¼ 211.5), PA (M0,A¼ 229), the initiator
segment (MI¼ 68), and the CTA segment (MT¼ 153). Six samples
of PS(x)-PV(y) with x/y¼ 3.3�7.7 and five samples of PS(x)-PA(y)
with x/y¼ 1.2�13.7 were prepared and investigated. The ratios of the
weight to number average molecular weight Mw/Mn for all of the
PS(x)-PV(y) samples and three PS(x)-PA(y) samples, which were
determined by size exclusion chromatography using DMF containing
0.05 M LiClO4 as the eluent and calibrated with polystyrene standards,
are also listed in Table 1.

Table 2 summarizes the results of the dispersibility test for the
PS(x)-PV(y) and PS(x)-PA(y) samples in various solvents. All of the

PS(x)-PV(y) samples were dispersible in DMF and DMSO. However,
the PS(x)-PV(y) samples were not dispersible in less polar solvents
(that is, toluene, benzene and ethyl acetate) or in water. This
characteristic is in contrast to the dispersibility of the nonionic block
copolymer polystyrene-b-poly(4-vinylpyridine) (PS-P4VP) in toluene.11

PS(x)-PV(y) samples with x/y¼ 3.3�7.7 were dispersible in
halogenated solvents (that is, chloroform and DCE).

Figure 1b shows a typical example of the 1H NMR spectra obtained
for PS(37)-PV(6) in CDCl3. The broad signal is because of the phenyl
and methyl protons at ca. 6.5 and 3.2 p.p.m., respectively, and no
signals corresponding to the benzyl protons were observed, which
indicated that the mobility of the VTAC units was markedly restricted.
Because the PS block is soluble and the PV block is insoluble in
halogenated solvents, it is likely that the PS(x)-PV(y) samples with
x/y¼ 3.3�7.7 form reverse micelles with the PV blocks in the core.

All of the PS(x)-PA(y) samples were also dispersible in the common
solvent DMF. Because the PA and PS blocks are very hydrophilic and
hydrophobic, respectively, all of the PS(x)-PA(y) samples were not
dispersible in toluene, benzene, ethyl acetate or water. However,
except for PS(41)-PA(38), the PS(x)-PA(y) samples were dispersible in
chloroform and DCE even though the dispersions of the PS(41)-
PA(7) and PS(43)-PA(7) samples were very turbid. The dispersibility
of the PS(x)-PA(y) samples in halogenated solvents was much lower
than that of PS(x)-PV(y) because of the difference in the solvopho-
bicity of the PV and PA blocks. The 1H NMR spectra for the PS(x)-
PA(y) samples with x/y¼ 10.3 and 13.7 measured in CDCl3 exhibited
very broad and weak signals because of the AMPS units (data not
shown). On the basis of these observations, DCE was chosen as
the organic solvent used in the investigation of the structure of the
reverse micelles formed by PS(x)-PV(y) and PS(x)-PA(y) because it is
easier to handle DCE than chloroform because of DCE’s higher
boiling point.

Figure 2 shows typical examples of the DLS and SLS results for
PS(37)-PV(6) in DCE. The relaxation time spectrum A(t) (Panel b) is
unimodal, indicating that the solution contains only a single
scattering component. In the plot of (Kc/Ry)

1/2 as a function of k2

(Panel a), the data points at each c appear to be linear with a slightly
negative slope, which may be due to the interparticle interference that
has often been observed in micellar solutions of block copoly-
mers.35,36 At infinite dilution (indicated by filled circles), the data
points exhibit a nearly horizontal line. Figure 3 summarizes the
concentration dependence of (Kc/R0)1/2 ((Kc/Ry)

1/2 extrapolated to

Figure 1 1H NMR spectra for PS(37)-PV(6) measured in DMSO-d6 (a) and

CDCl3 (b).

Table 1 Molecular characteristics of the diblock copolymers used in

this study

polymer code xa ya x/ya Mn/10
3 Mw/Mn

b

PS(23)-PV(7) 23 7 3.3 4.1 1.70

PS(55)-PV(10) 55 10 5.5 8.1 1.75

PS(69)-PV(12) 69 12 5.8 10 2.06

PS(37)-PV(6) 37 6 6.2 5.3 1.97

PS(30)-PV(4) 30 4 7.5 4.2 1.74

PS(23)-PV(3) 23 3 7.7 3.3 1.53

PS(41)-PA(38) 41 38 1.2 13 1.18

PS(41)-PA(7) 41 7 5.9 6.1 1.15

PS(43)-PA(7) 43 7 6.1 6.3 1.37

PS(41)-PA(4) 41 4 10.3 5.4 —c

PS(41)-PA(3) 41 3 13.7 5.2 —c

Abbreviations: Mn, number average molecular weight; Mw, molecular weight
aDetermined by 1H NMR in DMSO-d6.
bDetermined by size exclusion chromatography using DMF containing 0.05 M LiClO4 as eluent.
The molecular weights were calibrated with polystyrene standards.
cNot measured for a technical reason.

Table 2 Results of the dispersibility test for the diblock copolymers

used in this studya

Polymer code DMF Toluene Benzene Ethyl acetate Chloroform DCE Water

PS(23)-PV(7) D ND ND ND D D ND

PS(55)-PV(10) D ND ND ND D D ND

PS(69)-PV(12) D ND ND ND D D ND

PS(37)-PV(6) D ND ND ND D D ND

PS(30)-PV(4) D ND ND ND D D ND

PS(23)-PV(3) D ND ND ND D D ND

PS(41)-PA(38) D ND ND ND D D D

PS(41)-PA(7) D ND ND ND D D ND

PS(43)-PA(7) D ND ND ND D D ND

PS(41)-PA(4) D ND ND ND D D ND

PS(41)-PA(3) D ND ND ND D D ND

Abbreviations: DCE, 1,2-dichloroethane; DMF, N,N-dimethylformamide
aD and ND denote dispersed and not dispersed, respectively.
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the zero k2) and (G/k2)k¼ 0 estimated from A(t) at different y for all
of the PS(x)-PV(y) and PS(x)-PA(y) samples dispersible in DCE.
From the straight lines indicated for the PS(x)-PV(y) samples, the
weight average molar masses Mw, second virial coefficients A2 and
hydrodynamic radii RH were determined using equations 1a and c.

For the PS(x)-PV(y) samples with x/y¼ 3.3, 5.5 and 5.8, the z-average
radii of gyration /S2Sz

1/2 were also determined from the angular
dependence of (Kc/Ry)

1/2 at c¼ 0 (cf. equation 1b). In Figure 3, the
concentration dependences of (Kc/R0)1/2 and (G/k2)k¼ 0 for two
PS(x)-PA(y) samples exhibit negative slopes, indicating that the
PS(x)-PA(y) aggregates dissociate with dilution, and the concentra-
tions at which the light scattering measurements were performed were
close to the critical micelle concentrations (cmc)37 of the samples.
Although PA is more solvophobic than PV, the end group in the PA
block may contribute to the cmc of PS(x)-PA(y). Because it is difficult
to estimate the Mw and RH of reverse micelle at concentrations near
the cmc by light scattering, we did not estimate these values for PS(x)-
PA(y). Table 3 lists the results from the SLS and DLS measurements
for the PS(x)-PV(y) samples in DCE. This table also contains the
aggregation number m (¼ Mw divided by the molecular weight of
each sample).

In Figure 4, RH is plotted as a function of the number N0,w of
monomer units consisting of a single aggregate for PS(x)-PV(y) in
DCE, which was calculated from Mw divided by the average
monomer-unit molar mass. The data points for PS(x)-PV(y) deviate
downward from the solid line, which is indicative of the dependence
of the RH for PS on the degree of polymerization in the same solvent.
(The solid line was drawn from /S2Sz

1/2 data38 with the assumed
ratio /S2Sz

1/2/RH¼ 0.775.) This deviation may be due to the
shrinkage of the PV chain and/or the branched architecture of the
aggregate.

The structures of the reverse micelles formed from PS(x)-PV(y) are
discussed in detail below based on the light scattering data. If the PV
block chains form a spherical core in the micelle as illustrated in
Figure 5a, the radius of the core Rcore can be calculated by

4p
3
R3

core¼
m

NA
�uvyM0;V þ�uendMT

� �
ð2Þ

where �uv and �uend are the partial specific volumes of PV and the
PS(x)-PV(y) chain ends, respectively; M0,V and MT are the molar
masses of the PV monomer unit and the terminal portion of the
PS(x)-PV(y) chain, respectively; and NA is the Avogadro constant.
The �uv and �uend values are given in the Supplementary Information.
In addition, the radius of gyration /S2Sstar

1/2 of the star-like micelle
(Figure 5a) can be calculated using the equation proposed by Sato
and Matsuda39 from x, m and Rcore. (Unfortunately, there is no
corresponding equation for the RH of star micelles with a finite core
size and many coronal chains.) Figure 6 compares the experimental
RH for the reverse micelles of PS(x)-PV(y) formed in DCE with the
theoretical /S2Sstar

1/2. The RH//S2Sstar
1/2 ratio is close to the RH/

/S2S1/2 ratio for the uniform density sphere (E1.3) at x/y46 but

Figure 2 Angular dependences of (Kc/Ry)
1/2 (a) and the autocorrelation

function g(2)(t) and the relaxation time spectrum A(t) (y¼901 and

c¼0.006 g cm�3) for PS(37)-PV(6) in DCE (b).

Figure 3 Concentration dependences of (Kc/R0)1/2 (a) and (G/k2)k¼0 for

PS(x)-PV(y) and PS(x)-PA(y) in DCE (b).

Table 3 Characteristics of aggregates of the PS(x)-PV(y) samples in

DCE

Polymer code Mw ma A2(mol cm3g�1) /S2Sz
1/2(nm) RH(nm)

PS(23)-PV(7) 2.4�107 6.3�103 7.26�10�6 76 68

PS(55)-PV(10) 1.0�107 2.3�103 4.92�10�5 44 44

PS(69)-PV(12) 2.1�107 2.3�103 2.39�10�7 71 58

PS(37)-PV(6) 2.5�106 4.3�102 7.41�10�6 � b 15

PS(30)-PV(4) 7.5�106 1.5�102 8.28�10�5 � b 10

PS(23)-PV(3) 4.4�106 1.4�102 1.64�10�4 � b 7.0

Abbreviations: m, aggregation number; Mn,number average molecular weight; Mw,molecular weight;
RH, hydrodynamic radius; /S2Sz, z-average square radius of gyration.
aWeight-average aggregation number (Mw/Mw,1).
bNot determined because of very weak angular dependency.
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much larger than that at x/yo6. Figure 6 also compares the
experimental /S2S1/2 for reverse micelles of nonionic PS(x)-
P4VP(y) in toluene and THF30 as well as those for normal phase
micelles of PS-b-poly(N-isopropylacrylamide) (that is, PS(y)-PN(x))
in water40 with the theoretical /S2Sstar

1/2. Except for certain data
points, the experimental /S2S1/2 for PS(x)-P4VP(y) and PS(y)-PN(x)
were closer to the theoretical results than the experimental RH for
PS(x)-PV(y) at smaller x/y.

For star-like micelles, the core surface area a per copolymer chain
and the distance d between the nearest-neighbor coronal chains at the
core-corona interface can be calculated from Rcore given by equation 2
and the experimental value m by

ma¼ 4pR2
core; d � 4

p
a

� �1=2

¼ 4Rcoreffiffiffiffi
m

p ð3Þ

Figure 7 shows the d values for micelles of PS(x)-PV(y) in DCE (filled
circles) and PS(x)-P4VP(y) in toluene (squares), which are expected
to be star-like micelles, with RH//S2Sstar

1/2 (or /S2S1/2//S2Sstar
1/2)

o2 in Figure 6. For the PS(x)-P4VP(y) micelles in toluene,
d increased slightly with x. In comparison with d for the PS(x)-
P4VP(y) micelles, those for the PS(x)-PV(y) micelles in DCE were
considerably smaller. The diameter d of the PS chain in toluene was
estimated from osmotic compressibility to be 0.56 nm.41 The d values
for the PS(x)-PV(y) micelles were larger than but close to this
thickness. Therefore, the PS coronal chains were very crowded on the
core of the PS(x)-PV(y) micelles, which is in an entropically
unfavorable state but reduces the contact area between the
solvophobic core and the solvent.

The formation of brush-like micelles may increase d and thus the
conformational entropy of PS coronal chains. If the PS(x)-PV(y)
copolymer forms a brush-like micelle as illustrated in Figure 5b, d can

be calculated by

d¼ 8RcoreLcore

m

� �1=2

ð4Þ

where the cylinder core length Lcore is calculated from the experi-
mental radius of gyration /S2S1/2 of the micelle by Lcore¼

ffiffiffiffiffi
12

p

/S2S1/2. The unfilled circles in Figure 7 represent the d values
calculated using equations 2 and 4 for micelles formed from three
PS(x)-PV(y) samples, which may not be star-like micelles because
/S2S1/2 was much larger than /S2Sstar

1/2. The d values expected for
the brush-like micelles are considerably larger than 0.56 nm (the
diameter of the PS chain) and comparable to the d values obtained for
the star-like micelles of PS(x)-P4VP(y). Therefore, the brush-like
micelle is a possible candidate for the morphology of the micelles of
PS(x)-PV(y) where /S2S1/2 is much larger than /S2Sstar

1/2.

CONCLUSION

In this study, amphiphilic block copolymers, PS(x)-PV(y) with
x/y¼ 3.3�7.7 and PS(x)-PA(y) with x/y¼ 1.2�13.7, were prepared
by RAFT radical polymerization. The block copolymer samples of
PS(x)-PV(y) exhibited a higher dispersibility in halogenated solvents
than did the PS(x)-PA(y) samples because of the higher solvophobicity
of the PA block. In CDCl3, the 1H NMR signals corresponded to the PV
or PA blocks in the diblock copolymers, which indicated that the PS(x)-

Figure 4 N0,w dependence of RH for PS(x)-PV(y) in DCE (circles) compared

with that for PS in the same solvent (solid line).

Figure 5 Conceptual illustration of star-like (a) and brush-like reverse

micelles (b).

Figure 6 RH//S2Sstar
1/2 as a function of x/y for PS(x)-PV(y) (filled circles) in

DCE as well as /S2S1/2//S2Sstar
1/2 for PS(x)-P4VP(y) in toluene and THF

and for PS(y)-PN(x) in water.

Figure 7 x dependence of d for star-like (filled circles) and brush-like

micelles (unfilled circles) formed by PS(x)-PV(y) in DCE and star-like

micelles for PS(x)-P4VP(y) in toluene (squares).
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PV(y) and PS(x)-PA(y) samples formed reverse micelles in halogenated
solvents. The light scattering results supported the formation of star-like
reverse micelles for PS(x)-PV(y) with x/y46 in DCE and brush-like
reverse micelles for PS(x)-PV(y) with x/yo6 in the same solvent.
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