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ABSTRACT: Amphiphilic block copolymer poly(1,1-diethylsilabutane)-block-poly(2-hydroxyethyl meth-
acrylate) (poly(SB-b-HEMA)) was synthesized by addition of 2-(tert-butyldimethylsiloxy)ethyl methacrylate
to a living poly(1,1-diethylsilabutane) end-capped with 1,1-diphenylethylene and subsequent hydrolysis
of silyl-protecting groups. These copolymers formed spherical micelles in methanol. Small-angle X-ray
scattering (SAXS) measurements revealed that the aggregation number of the micelle strongly depends
on the polymer composition, while total micellar size is almost independent of the degree of polymerization
of HEMA. SAXS measurements were also performed for the polymer with the highest degree of
polymerization of SB in methanol/toluene mixed solvents. The polymer in the solution was found to have
different morphology depending on the mixing ratio of the solvent; i.e., micelle—unimer—reversed micelle
transition with increasing toluene content was clearly observed.

I. Introduction

Block copolymers self-assemble in selective solvents.
They form micelles in bulk consisting of an inner core
composed of solely insoluble segments and an outer shell
of soluble segments swollen by the solvent. They are also
adsorbed at the surface when insoluble segments favor-
ably interact to the surface. Many groups have studied
these specific behaviors of amphiphilic polymers during
the past few decades.’™ Amphiphilic copolymers are
important materials in the fields of natural science, such
as colloid science and biochemistry, as well as in
industrial fields. There are a variety of applications of
them such as emulsifier, colloid stabilizer, drug delivery
systems, and so on. The physicochemical understanding
of the block copolymer/solvent system, in particular,
investigation of the relationship between block copoly-
mer composition and aggregation state, is important
and demanded for these applications.

Copolymers with narrow molecular weight distribu-
tion (MWD) must be obtained to analyze the properties
of their self-assembly systems. We have been trying to
create novel amphiphilic polymers with narrow MWD
and investigate their properties.5—8 Previously, we have
reported the living anionic ring-opening polymerization
of 1,1-diethylsilacyclobutane and block polymerization
with methacrylate derivatives.® Since 1,1-diethylsila-
butane (SB) is a typical nonpolar segment and 2-hy-
droxyethyl methacrylate (HEMA) has high polarity, the
block copolymer having both segments is expected to
behave as an amphiphile. Nakahama et al. have re-
ported that the surface of amphiphilic copolymer films
contain HEMA as a hydrophilic segment changes to
hydrophilic one when it is exposed to water and reverts
to hydrophobic by annealing.'® The copolymers which
we present here are also expected to show interesting
environment responses, i.e., a different architecture
depending on the solvent polarity.
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Small-angle X-ray scattering (SAXS)!112 js a method
to measure the angle dependence of the scattered
intensity of incident rays from the sample, which allows
dimensions to be measured in the range 10—500 A. It
was first applied for the micellar system of a block
copolymer in a selective solvent in 1973.13 From the
SAXS profile, we can extract information regarding the
size, the shape, and the aggregation number of micelles.

In this paper, the micellar structure of amphiphilic
block copolymers poly(1,1-diethylsilabutane)-block-poly-
(2-hydroxyethyl methacrylate) (poly(SB-b-HEMA)) in
methanol and methanol/toluene mixed solvents has
been studied by SAXS technique. In addition, the
structures of the aggregates are quantitatively inves-
tigated and related to the polymer composition and the
solvent composition.

1. Experimental Section

A. Synthesis of Poly(SB-b-HEMA) Block Copolymers.
Two monomers (1,1-diethylsilacyclobutane and 2-(tert-bu-
tyldimethylsiloxy)ethyl methacrylate) and other materials
used for polymerization were prepared according to the
reported procedure.® Purity of both monomers were checked
by 'H NMR to be >99%. Block polymerization was performed
as shown in Scheme 1. To a 50 mL round-bottomed flask were
introduced lithium chloride (0.35 M THF solution, 1.0 mL, 0.35
mmol), THF (5 mL), and hexane (4 mL) under an argon
atmosphere. The solvents were titrated with a THF solution
of lithium naphthalene to eliminate reactive impurities. A
phenyllithium diethyl ether solution (1.0 M, 0.25 mL, 0.25
mmol) and 1,1-diethylsilacyclobutane were added at —48 °C
and the reaction mixture was stirred for 1 h. To the solution
thus prepared was added 1,1-diphenylethylene (0.088 mL, 0.50
mmol). After the solution was stirred for 30 min, 2-(tert-
butyldimethylsiloxy)ethyl methacrylate was introduced, and
the solution was stirred for another 1 h. The polymerization
was terminated by addition of methanol (0.5 mL). To obtain
copolymers with different block ratios, the amount of each
monomer was varied.

The copolymers were hydrolyzed by diluted hydrochloric
acid (3 M, 1.0 mL) in 1,4-dioxane (12 mL) at room temperature
for 24 h, and led to poly(1,1-diethylsilabutane)-block-poly(2-
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Scheme 1. Synthesis of Poly(SB-b-HEMA)
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hydroxyethyl methacrylate) block copolymers. The products
were purified by dialysis with deionized water, which gave a
white precipitate, and filtered out and dried in vacuo.

B. Characterization of Copolymers. Gel permeation
chromatography (GPC) was carried out by a Jasco 880-PU
chromatograph equipped with four polystyrene gel columns
(Shodex K-802, K-803, K-804, and K-805) and a Jasco 830-RlI
refractive index detector. *H NMR spectra were obtained on a
JEOL GSX 270 spectrometer. Molecular characterizations of
the copolymers were performed before hydrolysis, since chlo-
roform, which is the eluent of GPC, was not a good solvent for
HEMA, while the precursor polymers were molecularly dis-
solved in chloroform. In addition, we confirmed by *H NMR
that no subreaction had taken place during hydrolysis, such
as polymer degradation process.

C. Small-Angle X-ray Scattering (SAXS). The SAXS
measurements were performed using a Kratky type camera
(Rigaku Corp., Tokyo) equipped with a rotating anode X-ray
generator and a position sensitive proportional counter (PSPC).
The SAXS instrument has been described in detail elsewhere.*

Methanol and toluene (extra pure grade) were used without
further purification. Methanol/toluene solvent mixtures with
different mixing ratios in volume were prepared. Polymer
solutions were prepared by direct dissolution of the copolymer
into methanol or solvent mixtures. In all cases, the polymer
concentration was 1 wt % and measurement was performed
at room temperature. Sample solutions were measured in glass
capillaries (Mark, Berlin) with a diameter of 2 mm. In
experimental data, the scattering intensity of corresponding
solvent has been subtracted.

D. Fitting Procedure of SAXS Data. Neglecting inter-
particle scattering contributions, the scattering intensity 1(q)
of a particle of spherically symmetrical is proportional to the
square of the structure amplitude F(q), which is obtained by
the Fourier transform of the electron density distribution
function p(r).

I(q) O{F@)}* @
F(q) = 4n Lm p(r) r? sin(gr)/(qr) dr 2)

The scattering vector q is given by q = 4x(sin 0)/4, where 26
is the scattering angle and 1 is the X-ray wavelength.

Since methanol is a good solvent for HEMA and a poor
solvent for SB, the block copolymers are expected to form
micelles in methanol consisting of a core composed of SB and
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a shell of HEMA swollen by the solvent. For the micelles in
methanol, we applied several models to fit the SAXS data.

1. Simple Core—Shell Model. When the micelles are
assumed to consist of spherical core—shell structure with no
spatial variation of the electron density in the core and the
shell regions, the scattering amplitude of eq 2 can be given as
follows:**

F(@) = (oc = ps)VcPc(@) + (ps — po)VsPs(0) )
®c(q) = 3(sin(gRc) — qRc cos(aR))/(ARC)° (4)
D4(q) = 3(sin(dRs) — qRs cos(qRs))/(ARs)° (5)

Rc and Rs denote the radii of the core and the overall micelle,
pc, ps, po the electron densities of the core, the shell, and the
solvent, and V¢ and Vs the volumes of the core and the overall
micelle, respectively. Using the calculable values of the
electron densities of the monomer units (psg and prema) and
the solvent (po), pc and ps are given by

Pc = Pss (6)
ps = Bk T (1 = dso)PrEmA (7

where ¢sq is the volume fraction of the solvent in the shell,
which can be calculated by the following equation with the
degree of polymerization of HEMA (n) and the volume of
HEMA repeat units (Vuewma):
$so =1 — drema = 1 = Nagg N Vpewa/(Vs — Vo) - (8)
Here ¢rema is the volume fraction of HEMA in the shell. Nagq
denotes the aggregation number of the micelles, which is
calculated from Vc, the degree of polymerization of SB (m),
and the volume of SB repeat units (vsg):
Nagg = VC/(mVSB) (9)
Assuming that the critical micelle concentration is negligibly

low, i.e., all polymers contribute to the micelle formation, the
number density n, of the micelles is then calculated as

np = d’/(Nagg(mVSB + nVHEMA)) (10)

where ¢ is the volume fraction of copolymer in solution. The
scattering intensity is finally given by the product of the form
factor and the number density of the micelles. However, we
introduced a shift factor, f, since the intensity of the experi-
mental data is obtained in arbitrary units because the data
have not been calibrated to an absolute scale.

I(Q) = fn{F(@)} (11)

The values of psg = 0.280, prema = 0.396, and py = 0.268 A3
were fixed, and three parameters, Rc, Rs, and f, were variables
in the fitting procedure, while the value of f was arranged to
be the same for all data.

2. Core—Corona Model (Star Model). In this model we
adapt the Daoud—Cotton treatment!® of star polymers to treat
micellar coronas, that is, the volume fraction of HEMA in the
shell (¢pnema) is assumed as a decreasing function of r, where
r is the distance from the micelle center. First we assume that
¢rema(r) decays as r:

brema(n) = a(r/iRL) ™ for Re < r < Rg
Sreman) =0 forRg <r (12)

a is the volume fraction of HEMA at the core—shell interface.
The electron density of shell is also a function of r:

ps(r) = remalNerema T (1 = duemal)eo (13)
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Table 1. Characterization of Poly(SB-b-HEMA)

polymer Mo/io:Nolig? m:nP Mu/Mp¢
A 20:20 26:24 1.20
B 10:20 12:22 1.20
C 10:30 13:37 1.28

aThe initial molar ratios of [1,1-diethylsilacyclobutane]/
[phenyllithium] and [2-(tert-butyldimethylsiloxy)ethyl methacry-
late]/[phenyllithium]. b Obtained by 'H NMR before hydrolysis.c By
GPC before hydrolysis.

the scattering amplitude is

F(a) = (oc = po)VcDc(a) +
4 [ (pe(n) = po) ¥ sin(aniar) dr (14)

Rs can be obtained as the value satisfying the following
equation:

Rs )
4n fRC Aremaln) 1 dr = NygNViema (15)

Equations 9—11 can be used for this model as well. On fitting
with eq 14, the same values of Rc and f were used as obtained
by the core—shell model. Then a is the only parameter as b is
assigned.

3. Size Distribution. Taking the polydispersity in micelle
size into account, the average scattering intensity is given by

@) =fn, [ PR{F(@)} dR (16)

We assume the size distribution is given by a Gaussian
function P(R)

P(R) = (27) " 0 " exp[~(R — Rg)*/205 "] (17)

where Rs and og, are the average and the standard deviation
of micellar size, respectively.

I11. Results and Discussion

A. Characterization of Copolymers. Three copoly-
mers with different compositions were prepared by
changing the monomer/initiator ratio on polymerization,
whose characteristics are tabulated in Table 1. The
number-averaged degree of polymerization of SB (m)
and HEMA (n) were determined by 'H NMR, and the
polydispersity indices (My/Mp) were determined by GPC
using polystyrene as calibration standards, where M,,
and M, are the weight- and number-averaged molecular
weights, respectively. The values of My/M,, were rather
large compared with that of silabutane homopolymer
(~1.09), suggesting that the polymerization of the
second monomer did not proceed in a living manner.
Polymer A has nearly the same length of polar segment
as and a longer nonpolar segment than polymer B, and
polymer C has the same value of m and a larger n than
polymer B. Thus, polymer A is the copolymer with the
highest hydrophobicity.

These copolymers were soluble in methanol, although
silabutane homopolymer did not dissolve in methanol,
which suggests an amphiphilic nature for these copoly-
mers. Polymer A was soluble in toluene as well, but the
others did not dissolve in toluene because of the shorter
nonpolar segment.

B. Micelle Formation in Methanol. Since methanol
is a good solvent for HEMA and a poor solvent for SB,
the block copolymers are expected to form micelles in
methanol consisting of a core composed of SB and a shell
of HEMA swollen by the solvent. SAXS profiles of the
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Figure 1. SAXS profiles of poly(SB-b-HEMA) in methanol.

copolymers in methanol are shown in Figure 1. Strong
scattering at small angles is observed in all cases,
suggesting the micelle formation indeed. In addition, the
scattering curves exhibit a well-marked secondary
maximum, indicating a well-defined structure of mi-
celles.

First, we performed the fitting of the SAXS profile of
polymer A with the theoretical curve of the simple core—
shell model, and obtained good agreement at small
angles (q < 0.03 A1) and secondary maximum (g ~ 0.05
A-1). However, at minimum (q ~ 0.04 A-1) and larger q
regions (q > 0.06 A1), the intensity of the theoretical
curve was lower than that of the experimental one. In
addition, it is more reasonable that the polymer con-
centration in the shell decreases with an increase in the
distance from the core surface. Hence, we tried to fit
the data using the models in which the decreasing
functions of the electron density profile in the shell were
introduced. Figure 2 shows the fitting results with the
core—corona model. In this model, ps is assumed to
decrease as r~°. The value of b was changed from 0 to
2. b = 0 represents the simple core—shell model and b
= 4/3 corresponds to the case of good solvent for polar
segments.! Figure 2b is the electron density profiles
corresponding to the scattering profiles shown in Figure
2a. Larger b produced lower secondary maximum and
gave slightly larger value of Rs, but a smearing effect
to reproduce the experimental data at q ~ 0.04 A-1 was
not obtained.

We attempted another model proposed by Liu et al.16
as a “cap-and-gown” model, in which a Gaussian dis-
tribution of the polymer segments in the shell region is
assumed, but no improvement in fitting quality as
compared with the core—corona model was obtained.

Thus, it was not possible to account for the smearing
effect at q ~ 0.04 A1 with several models. Then we
introduced the Gaussian distribution function in eq 16
for taking into account the polydispersity of micellar
size. Figure 3 shows the fitting results of the SAXS
curve of polymer A solution with eq 16. For the calcula-
tion of F(q), the simple core—shell model was used. With
an increase of the polydispersity (or/Rs), the minimum
at g ~ 0.04 A~ in theoretical curve was smeared more
obviously, and was in accordance with the experimental
data at or/Rs = 0.11. At larger angles (q > 0.06 A1),
however, the theoretical curve was lower than the
experimental one. The deviation at larger angles is due
to the low accuracy of the measured curves in this range,
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Figure 2. SAXS profile of polymer A (m:n = 26:24) in
methanol with theoretical curves of the core—corona model.
The curve b = 0 corresponds to the simple core—shell model.
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Figure 3. SAXS profiles of polymer A (m:n = 26:24) methanol
with theoretical curves of the simple core—shell model, taking
the micellar size distribution into consideration.

and also due to the fact that the scattering at larger
angles is dominated by individual fluctuation of polymer
chains in the shell (blobs),” which was not considered
in the present model. However, it can be concluded that
the simple core—shell model with the size distribution
adequately described the experimental data, and the
variation of the polymer concentration in the corona
region did not necessarily have to be considered.

C. Dependence of Micelle Size on Polymer Com-
position. The SAXS curves were well reproduced by
the theoretical curves of the simple core—shell model
as shown in Figure 4 with the parameters listed in Table
2. To obtain better agreement between experimental
and theoretical curves, Gaussian type distribution func-
tion of micelle size was introduced as described above.
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Figure 4. SAXS profiles of poly(SB-b-HEMA) in methanol.
Solid, dotted, and broken lines are theoretical curves of the
simple core—shell model for polymers A, B, and C, respectively.

Table 2. Fitting Results of SAXS Curves of Micelles in

Methanol
polymer m:n Rc ()2 Rs(Ay Nags® Ors/Rs® ol
A 26:24 63 108 154 0.11 0.85
B 12:22 30 73 35 0.12 0.91
C 13:37 25 76 20 0.12 0.93

a The radius of the core. ® The radius of the overall micelle. ¢ The
aggregation number. 4 The polydispersity of the overall micellar
size. ¢ The volume fraction of the solvent in the shell.

The resultant value of the polydispersity (or/Rs) was
11-12% in all cases. From Table 2, one can qualitatively
understand the relationship between polymer composi-
tion and micellar structure. Increase of SB chain length
(m) or reduction of HEMA length (n) enhances the
aggregation number (and Rc¢ also). On the other hand,
total micellar size (Rs) is almost independent of n, which
is found by comparison between polymer B and C.

D. Relationship between Polymer Morphology
and Solvent Composition. Toluene is a good solvent
for SB and poor solvent for HEMA, in contrast with
methanol. Since methanol and toluene are miscible with
each other, the effect of solvent selectivity on polymer
morphology can be investigated by utilization of a
methanol/toluene mixed solvent with changing its mix-
ing ratio. Polymer A was used for this purpose, because
polymers B and C were not soluble in toluene, which
produced a turbid suspension with a small amount of
precipitate due to the shorter nonpolar chain. Seven
solvent mixtures of different mixing ratios and two pure
solvents (methanol:toluene = 8:0, 7:1, 6:2, 5:3, 4:4, 3:5,
2:6, 1:7, 0:8) were prepared. SAXS profiles of polymer
A in these solvents are shown in Figures 5—7. The
scattering profile clearly depends on the mixing ratio.
With increase of the volume fraction of toluene, the
intensity at small angles decreases and secondary
maximum shifts to a larger q and becomes broader first
(Figure 5), then the intensity increases again when the
amount of toluene exceeds that of methanol. However,
the secondary maximum is not observed (Figures 6 and
7). The morphology of the copolymer in the solutions
studied here can be classified into three regimes.

1. Micelle Region (Methanol:Toluene = 8:0, 7:1,
6:2, 5:3). The solutions under methanol-rich conditions
show SAXS profiles similar to that in pure methanol,
providing a clear secondary maximum peak as shown
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Figure 5. SAXS profiles of polymer A (m:n = 26:24) in
methanol/toluene solvent mixtures. The polymers are sug-
gested to form micelles under methanol-rich conditions.
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Figure 6. SAXS profiles of polymer A (m: n = 26:24) in
methanol/toluene solvent mixtures. The polymers are sug-
gested to exist in an unimer state at intermediate mixing
ratios.
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Figure 7. SAXS profiles of polymer A (m:n = 26:24) in
methanol/toluene solvent mixtures. The polymers are sug-
gested to form reversed micelles under toluene-rich conditions.

in Figure 5. These profiles suggest the micelle forma-
tion, and were fitted by theoretical curves of a core—
shell model assuming a solid core composed by pure SB
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and a solvent-swollen shell of HEMA. The fitting curves
are shown by lines in Figure 5. The fitting curves
convoluted the distribution function of Rs as described
above. The scattering at smaller angles and the second-
ary maximum are well reproduced by fitting curves.
Only the case of methanol:toluene = 5:3, could the
height of the secondary maximum not coincide with the
fitting curve, which is probably due to the fact that
unimers, which will be described later, also exist in the
micellar solution to some extent.

2. Unimer Region (Methanol:Toluene = 4:4, 3:5,
2:6). The scattering from the solution at intermediate
mixing ratios is weak and shows a monotonic decrease
against g, as can be seen in Figure 6. The scattering
profiles could be fitted by the Debye formula® which is
applied for Gaussian chains with the radius of gyration
Rg:

P(q) = 2{x — 1 + exp(—X)}/x* (18)
x = ¢’Rg’” (19)

The good agreement between experimental and theo-
retical curves indicates that the polymers exist in an
unimer state in these solutions. Obtained Rg values
were small enough for 4:4 (22 A) and 3:5 solutions (23
A), which also suggests the unimer state. In the case of
2:6 solution, however, both the scattering intensity at
smaller angles and the radius of gyration (40 A) were
larger than the others, implying a possibility of the
formation of small aggregates. If the aggregation num-
ber is assumed to be proportional to the forward
scattering intensity, it can be approximately calculated
to be 3 by comparison with the 3:5 solution in which
the polymers were thought to exist as unimers.

3. Reversed Micelle!® Region (Methanol:Toluene
= 1:7, 0:8). Under toluene-rich conditions, the copoly-
mers can be assumed to form reversed micelles, since
the strong scattering was observed at smaller angles
as shown in Figure 7 and the scattering profile could
not be fitted by Debye function. In these conditions, the
electron density of SB (psg = 0.280 A~3) is almost
identical to that of solvent (po = 0.281 and 0.283 for 1.7
and 0:8, respectively); then the swollen shell of SB is
“invisible”, and only the core composed by HEMA is
observed by X-ray. It should be noticed that the scat-
tering intensity at wider angles obeys the Porod law;2°
i.e., it follows the power law of g=*. This relation is
satisfied if the boundary between the scattering objects
and the matrix is sharp and smooth. Hence this
observation means that the micelle has a sharp and
smooth interface between the core and the shell, since
only the core is observed in these conditions. Assuming
s = po and pc = prema in eq 3, the scattering data were
fitted by the form factor of the homogeneous isolated
sphere, and here the distribution function of Rc was
convoluted by replacement of Rs with R¢ in eq 19. The
aggregation number was given by Vc/(nvhema) instead
of eq 9. The fitting curves are also shown in Figure 7.
The good agreement with experimental data was ob-
served at smaller angles. However, a small discrepancy
arises at larger angles where a “shoulder” is observed
in theoretical curves despite high polydispersity intro-
duced (or/Rs ~ 20%) to smear the secondary maximum.
It is probably due to the oversimplification of the model.
It may indicate the formation of anisotropic micelles,
which will be mentioned below. However, we have not
performed precise fitting using complicated models.
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Table 3. SAXS Results of Polymer A in a Methanol/
Toluene Mixture

<l>tolueneal Shape RC (A) RS (A) RG (A) Nagg ¢50I
0 micelle? 63 108 154 0.85
0.125 micelleP 58 103 122 0.86
0.25 micelle? 53 98 93 0.88
0.375 micelle® 39 89 37 0.94
0.5 unimer¢ 22 1
0.625 unimer® 23 1
0.75 unimer¢ 40 3
0.875 reversed micelled 48 113
1 reversed micelled 69 332

a The volume fraction of methanol in solvent. ® SAXS data was
fitted by core—shell model with parameters Rc and Rs. ¢ SAXS
data was fitted by Debye function with a parameter Rg. ¢ SAXS
data was fitted by homogeneous sphere model with a parameter
Re.
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Figure 8. Aggregation number of polymer A (m:n = 26:24)
as a function of the volume fraction of toluene in solvent.

All the fitting results are shown in Table 3. The
obtained aggregation number was plotted against the
volume fraction of toluene in solvent (¢wuene) in Figure
8 with schematic representation of the aggregation
style. On the plot, the aggregation number of 2:6
solution was assumed to be 3. The copolymer forms
relatively large micelles in methanol (¢tluene = 0). With
an increase of giuene, the solubility of the nonpolar chain
(SB) increases, and then the aggregation number de-
creases. At ¢rwluene ~ 0.5, No aggregate is formed since
both HEMA and SB are soluble. A further increase of
droluene reduces the solubility of the polar chain (HEMA),
induces the formation of the reversed micelles, and
enhances the aggregation number. Similar behavior has
been reported for the polystyrene-b-poly(ethylene/pro-
pylene) block copolymer in n-dodecane/1,4-dioxane mix-
tures.?! In pure toluene (¢wiene = 1), quite large
aggregates are formed, and in fact, the obtained value
of Rc = 69 A is larger than the contour length of the
HEMA block of the copolymer (60 A). It implies the
possibility of a formation of anisotropic micelles of which
one or two dimensions are less than the contour length.
Indeed, the scattering curve at ¢ioene = 1 could be fitted
by the theoretical curve of the prolate ellipsoid whose
half-length of the minor axes corresponds to the contour
length, and the ratio of major and minor axes is 3:1.
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However, we cannot draw any conclusions here about
the micellar shape, since the scattering profile is hardly
distinguishable between ellipsoids and polydisperse
spheres; moreover, making sure of the existence of large
dimensional aggregates (a cylinder, for example) re-
quires data at smaller angles than those covered in this
experiment.

1V. Conclusions

Amphiphilic block polymers of poly(SB-b-HEMA) were
synthesized by addition of 2-(tert-butyldimethylsiloxy)-
ethyl methacrylate to a living poly(1,1-diethylsilabu-
tane) end-capped with 1,1-diphenylethylene. SAXS mea-
surements were performed for these copolymers in
methanol and in methanol/toluene mixtures. They
formed spherical micelles in methanol, whose scattering
curves were well described by the simple core—shell
model. The aggregation number of micelles in methanol
increased with an increase of SB chain length or a
reduction of HEMA, while the total micellar size (Rs)
was almost independent of the degree of polymerization
of HEMA. Such tendency corresponds to the previous
report with other amphiphilic polymer in aqueous
media.® In the solvent mixtures, three different mor-
phologies of the polymer, i.e., a continuous change from
micelle to reversed micelle via unimer with increasing
volume fraction of toluene, were observed.

In this way, the block copolymer synthesized in this
study has been shown to be a valuable example for
understanding its morphology depending on its compo-
sition and/or solvent polarity. In addition, we have found
that the copolymer forms a quite stable monolayer at
air/water interface, which will be described in a forth-
coming paper.22
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