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Abstract

The self-association of the fluorinated diblock copolymer, poly(methacrylic acid)-block—poly(perfluorooctylethyl methacrylate) (PMAA-

b-PFMA), in water has been investigated by light scattering, potentiometry, atomic force microscopy, and transmission electron microscopy.
The size of the polymer micelles increases, as the degree of dissociation of the PMAA blocks increases. Since the charged PMAA block take
the stretched structure, PMAA-b-PFMA can easily form large micelles due to the low steric hindrance of PMAA blocks. Addition of NaCl

shielded electrostatic repulsion in the PMAA chain and induced the formation of smaller micelles than water without NaCl did because of the

bulky structure of the PMAA chain in the shell of the micelles. The micelle of PMAA-b-PFMA in ethanol is larger than that of poly(t-butyl

methacrylate)—block—poly(perfluorooctylethyl methacrylate) (PtBMA-b-PFMA) in ethanol as a result of the higher steric hindrance of the

PtBMA block. The dimensions of the core and shell of the micelles were estimated. The micelle of PMAA-b-PFMA in water possesses a
rather thick shell and a large volume per molecule, consistent with the extended PMAA chain. On the other hand, the shell of the micelle
in an ethanol solution of PtBMA-b-PFMA is thin but has a large surface area. Facts are consistent with the shrunk structure of the PtBMA

block in poor solvent.
0 2004 Elsevier Inc. All rights reserved.
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1. Introduction

Fluorinated polymers, as wedls fluorinated surfactants,
are widely applicable becausétheir hydrophobicity, oleo-
phobicity, heatproof, chemical-proof, nontoxicity, friction-
less, low adhesion, and electrically insulating propeftig¢s

therefore expected that copolymers consisting of fluorinated
blocks have higher surface activity than nonfluorinated block
copolymers. Furthermore, a fluorinated block plays a role in
the construction of ordered structures as a component differ-
ent from a hydrophilic or oleophilic blocdi 2]. Copolymers
with fluorinated side chains have been synthesized with the

Highly fluorinated polymers are generally less miscible with expectation of such characterist[¢8—30]
nonfluorinated compounds and less soluble in most solvents,  Krupers et al[19,20] have found by transmission elec-

except fluorinated ondg]. Therefore, fluorinated polymers
combining nonfluorinatef8—6] or ionic moietie47,8] were

tron microscopy (TEM) that fluorinated diblock copoly-
mer forms cylindrical and spherical micelles on the cast

synthesized. Alternatively, miscible blends of fluorinated films from tetrahydrofuran and toluene solutions, respec-

and nonfluorinated polymers were prepaj@el 1]

tively. Matsumoto et al[27,28] have confirmed by small

It is well known that copolymers consisting of blocks angle X-ray scattering that the water-soluble fluorinated di-
having different solubilities in solvents possess an am- pjock copolymer aggregates into spherical micelles in water.
phiphilic character, that is, they have a high surface ac- pysse et al[30] have recently reported that triblock copoly-
tivity at an interface and self-assembly in solution. It is mer including fluorinated block also forms micelles. Imae
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et al. [29] have revealed that polylethyl methacrylate)—
block—poly(2-perfluorooctylethyl methacrylate) (PMMA-b-
PFMA) in acetonitrile and chlaform form micelles in
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PMAA-5-PFMA X=H (CFy)y
P(BMA-5-PFMA  X=C(CH,),

Fig. 1. Chemical structures of diblock copolymers.

which the core and shell (corona) consist of oleophobic fluo-
rinated PFMA blocks and oleophilic PMMA blocks, respec-
tively.

In the present work, we synthesized two diblock copoly-
mers, in which one block is PFMA and the other is hy-
drophilic poly(methacrylicacid) (PMAA) and oleophilic
poly(t-butyl methacrylate) @BMA). Their chemical struc-
tures are shown iRig. L PMAA-b-PFMA is a water-soluble
derivative of PtBMA-b-PFMA obtained by hydrolysis of
PtBMA block, so that these diblock copolymers have the
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aqueous NaCl solution to an agueous solution (pH 4.7) of
PMAA-b-PFMA. PMAA-b-PFMA, and PtBMA-b-PFMA
were also dissolved in ethanol.

2.3. Measurements

Static and dynamic light scattering (SLS and DLS) was
measured at 25C on Otsuka Electronics DLS-700 and
DLS-7000 spectrophotometers equipped with an Ar-laser
light source at 488 nni31] and an ALV-5000E DLS ana-
lyzer, where a CONTIN program was used for the analysis
of DLS correlation function. The specific refractive index
increment was measured at 25 by an Otsuka Electron-
ics RM-102 refractometer with an iodine lamp at 488 nm.
The values of 0.0738, 0.0854, and 0.0662 ¢gfor PMAA-
b-PFMA in water, 0.1 M NaCl, and ethanol, respectively,
and 0.0610 criyg for PtBMA-b-PFMA in ethanol were ob-
tained and used for the calculation of the light scattering
intensity. SLS and DLS measurements were carried out at
different scattering angles (3615C%°) and concentrations
(below 3 mgcm?® for PMAA-b-PFMA and 20 mgcm?
for PtBMA-b-PFMA). Obtained Zimm plots and CONTIN

same degree of polymerization, polydispersity and block spectra revealed typical feae and a symmetrical single
composition. We investigate the self-associative behavior of peak, respectively, for eacheasurement. Molecular weight,

PMAA-b-PFMA in water and the contribution of solvophilic
blocks on the self-association of two diblock copolymers in
ethanol. We then discuss the structure of aggregates.

2. Experimental section
2.1. Materials

PtBMA-b-PFMA (Lot 80) was synthesized by anionic
block copolymerization, aceding to the procedure for
PMMA-b-PFMA synthesis reported befof29]. PMAA-b-
PFMA (Lot 107) was produced by hydrolysis of théutyl
methacrylate unit in PtBMA-b-PFMA. The weiglaverage
molecular weight and degree of polymerization of each
block were determined by gel permeation chromatogra-
phy (GPC). The calibration of molecular weight was car-
ried out for polystylene. Weight average molecular weight
(M) and polydispersity Mw/M,) of PtBMA-b-PFMA
were 106,600 and 1.24, respectively. Those of PMAA-b-
PFMA were 82,200 and 1.21, respectively. Compositions
werem = 416,n = 87 for PtBMA-b-PFMA andn = 412,

n = 87 for PMAA-b-PFMA. The values are also listed in
Table 1 Other reagents were commercial products.

2.2. Solutions

PMAA-b-PFMA was dissolved in water (deionized and
redistilled by a Millipore Milli-Q Lab) by stirring overnight.

radius of gyration, second virial coefficient, and hydrody-
namic radius were evaluated from Zimm plots for SLS and
Zimm plot-like plots (extrapolation to zero concentration
and zero angle) for DLS except pH dependence. Since ag-
gregation numbers were calculated by dividing molecular
weights from SLS by a monomeric molecular weight from
GPC, those are apparent values. The pH dependence was ex-
amined at a constant polymer concentration of 0.02and,

which is enough dilute to neglect the concentration term in
analytical equations.

Aqueous solutions of PMAA-b-PFMA were titrated at
room temperature on a potentiometer with addition of an
aqueous HCI or NaOH solution. SLS was measured along
with the stepwise changing of solution pH. The degree of
ionizatione was calculated from the difference between the
total amount of HCI or NaOH added to a solution and the
amount of free HCI or NaOHB2].

Atomic force microscopic (AFM) observation was per-
formed at room temperature on a Digital Instruments Nano-
Scope lll. PMAA-b-PFMA in aqueous solution was cast on
a freshly cleaved mica substrate, dried in vacuo, and then
used for AFM observation. An AFM image was obtained
using a tapping mode.

For TEM observation, a Hitachi H-800 TEM instrument
was used at an acceleration voltage of 100 kV. The cast film
was prepared by a procedure in which the solution of poly-
mer is spread over a copper grid (Nissin EM 300 mesh) cov-
ered with carbon film, drained, and dried under a nitrogen
atmosphere. For the preparation of a freeze-fracture replica,

The pH of solutions was adjusted by aqueous solutions of an aqueous solution of PMAA-b-PFMA was vitrified in icy

hydrochloric acid and sodium hydroxide. Aqueous NaCl
solution of PMAA-b-PFMA was prepared by adding an

nitrogen before fracturing at130°C. The fractured sur-
face was shadowed with platinum evaporated frorm a&d
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Table 1
Parameters obtained from light scatterifor solutions of diblock copolymers
Diblock copolymer Solvent My (107) Aggregation number Rg (nm) Ry (nm)
PMAA-b-PFMA Water, pH 10 33 4780 148
(Lot A107, My =~ 82,200, Water, pH 4.7 18 1580 781 118
m=412,n = 87) Water, pH 3.0 1B 1370 611
0.1 M NaClaqg 113 1370 695 66.6
Ethanol 111 1350 52 769
PtBMA-b-PFMA Ethanol 05 373 382 464
(Lot A80, My ~ 106,600,
m =416,n = 87)

covered with carbon evaporated at’9@ replica film was

separated from an icy solution.
1.0pum

(a)

3. Resultsand discussion

3.1. Self-association of PMAA-b-PFMA in solution
20.0 nw

A water-soluble diblock copolymer, PMAA-b-PFMA, in
solution is expected to form micelles, since hydrophobic 10.0
PMMA-b-PFMA molecules are associated into micelles in
acetonitrile and chloroform, as previously reporf@9]. 0:01
It was found from SLS measurement that PMAA-b-PFMA
in water (pH 4.7) has a weight-average molecular weight
My of 13.0 x 107 and a radius of gyratioRg of 78.1 nm. 0
The hydrodynamic radiugy obtained from DLS analysis 0
is 118 nm. Since the molecular weight is much larger than
that (82,200) of monomeric diblock copolymer, PMAA-
b-PFMA molecules form aggregates with an aggregation
number of 1580 in water (pH 4.7). An AFM image and
a TEM photograph of PMAA-b-PFMA aggregates in wa-
ter are shown irFig. 2 There are spherical particles. We
observed an image of dried particles from AFM but an im-
age of micelles in solutiofrom freeze-fracture TEM. Still
both images are similar. This means there is no influence
from the drying process. Then aggregates can be assumed
to be almost spherical core—shell micelles like PMMA-b-
PFMA aggregates, although the aggregate molecular weight
of PMAA-b-PFMA is larger by one order than that of
PMMA-b-PFMA.

Since PMAA-b-PFMA contains carboxylic acid groups
in the PMAA block, the dissociation degree of PMAA block
is changeable by changing pH. The pH dependendd\gf
and Rg of PMAA-b-PFMA micelles in water is shown in
Fig. 3 which includes the pH -dependent dissociation degree
a of PMAA-b-PFMA. As pH rises, botld1yy and Rg of the
micelles increase cooperatively. The midpoint of the transi-
tion is close to the g, of carboxylic acid. Since the profiles
of My and Rg curves are similar to that of the curve,
the dissociation degree of PMAA block causes the changerig. 2. (a) An AFM image of cast film on mica and (b) a TEM photo-
of association behavior of diblock copolymer. That is, with graph of freeze-fracture replica film from an aqueous solution
increasing pH, PMAA block suffers the dissociation of car- (pH 4.7) of PMAA-b-PFMA. Solution concentration: (a) 0.50 yeg®,
boxylic acid groups and changes its structure from globular () 1.0 mgen®.

1.0pum
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o] 1601 < R 1.0 Micellar aggregation numbers depending on the confor-
T A0 33 go mational change of PMAA block in water were compared
1407 o x [°8 with that in aqueous NaCl solution. The size of the PMAA-
31 _ 120 8 |06 b-PFMA micelle in an aqueous 0.1 M NaCl solution (see
ER IR A 3 Table J is consistent with these of PMAA-b-PFMA mi-
54 217 N - 04 celles in water below pH 4 (sdeg. 3). Addition of NaCl
] x B to an aqueous solution of PMAA-b-PFMA increases the
——80 - 0.2 L. . . .
] g 600 6AA ionic strength and screens the electrostatic repulsive inter-
1 60 *Xxxak & - 0.0 actions between carboxylate in PMAA block. Then, PMAA
T T — T T blocks take the bulky random-coil conformation, which is
2 4 6 8 10 12 . .
- entropically preferable, so that large micelles are not formed
P because of the steric hindrance, as a case of aggregation of
Fig. 3. The pH dependence dfyy, Rg, and dissociation degreein aque- nonionic PMAA-b-PFMA in water below pH 4.
ous solutions of PMAA-b-PFMA.Q) Myy; (x) Rg; (A) «. The size of a PMAA-b-PFMA micelle in an ethanol so-

lution, listed in Table 1 is also comparable to those of
random-coil to the extended chain, resulting from the elec- PMAA-b-PFMA micelles in water below pH 4 and in an
trostatic repulsion of carboxylate ions in a chain. It is well aqueous NaCl solution. In ethanol where PMAA blocks are
known that linear polymer expands when it is electrically protonated, PMAA blocks take the bulky random-coil con-
charged[33]. Moreover, the stretching of PMAA blocks formation, and the low aggregation number of the micelles
leads to the decrease of steric hindrance between polymersiiris a result of the high steric hindrance. When ionization de-
micelles so that PMAA-b-PFMA molecules are likely to as- gree, ionic strength, and solvent were changed, the sizes
sociate. The electrostatic repulsion between charged PMAA- of the PMAA-b-PFMA micelles controlled by the extended
b-PFMA molecules expands the volume of the micellar size. or bulky conformation of PMAA blocks are schematically
ConsequentlyMy and Rg increase with pH, although they  presented irFig. 4 with drawing of the chemical species
decrease slightly at a pH higher than 8. This decrease canof protonated and nonprotonated PMAA-b-PFMA. Groe-
be explained by the reason that, in addition of excess NaOH,newegen et al[34] have mentioned that the dimension of
sodium ion acts as the ionic strength screening the electro-the micelles is regulated by the balance of the elastic, con-
static repulsion. It should be noted from the large aggrega- formational, stretching forces and the osmotic pressure ex-
tion numbers that, in the case of this diblock copolymer, the erted by the counterions trapped within the corona. Ravi
solvophobicity of fluorinated block is more dominantin mi- et al. [35] have recently reported association behavior of

celle formation than other factors. poly(methacrylic acid)—block—poly(methyl methacrylate) in
cH, ]
H,— T3 lock T=CH,—C g
=0 2
Dl/c m 0 fCH ) n n
H @y
CF, ]
Acid <4—>» Base
High Ionic Strength «—» [ ow Ion
In Ethanol +t—>

electrostatic repulsior

low high

high steric hindrance of PMAA block low steric hindrance of PMAA bleck
Small micelle Large micelle

Fig. 4. Schematic presentation of size and structure of small and large FMRRMA micelles depending on ionizan degree, ionic strength, and geht.
Chemical species of protonated and nonpmated PMAA-b-PFMA are also included.
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. . . sSW~ " I ™. ™ ¥ -
an aqueous medium. The molar mass of the micelle |n- ’ , “ - - .‘ 1
creased with the degree of ionization, characterizing the ex- . % ‘ ¥ Y “ :
pansion of the shell layer upon ionization, as well as a case" ' ‘
of PMAA-b-PFMA micelles in the present work. *

3.2. Effect of solvophilic blocks on association

Two block copolymers, PMAA-b-PFMA and PtBMA-b-
PFMA, have similar degrees of polymerization. However,
the former contains hydrophilic PMAA block and latter con-
sists of hydrophobic (oleophilic) PtBMA block. The para-
meters obtained from light scattering for PtBMA-b-PFMA
micelles in ethanol are listed ifable 1 The My and ag-
gregation number of PtBMA-b-PFMA micelles in ethanol
are about one-fourth of those of PMAA-b-PFMA micelles
in ethanol. The values akg and Ry of PtBMA-b-PFMA
micelles in ethanol are also smaller than those of PMAA-
b-PFMA micelles in ethanol. Thus, it can be assumed that
the conformation of solvophilic blocks contributes to the
size of the micelle. Ethanol is a better solvent for PMAA
block than for PtBMA block, as the second virial coeffi-
cient points out: The second virial coefficients of PtBMA-b-

freqeuncy
o
7

PFMA and PMAA-b-PFMA micelles were.22 x 10~ and 005 o1
2.2 x 107% molcmg—2, respectively. Then, PtBMA chains " T A e
are likely to take the conformation as minimizing the pen- TN R

etration of ethanol. Therefore, PtBMA-b-PFMA molecules
form small micelles owing to the disadvantage of steric hin-
drance of PtBMA block.

As well as PMAA-b-PFMA micelles, PtBMA-b-PFMA

micelles are formed by the solvophobic interaction of PFMA . - . . . .
. short hemiaxes of similar sizes as to a micelle in water. Since

blocks. The difference of aggregation number between ml aggregation numbers of PMAA-b-PFMA micelles in water
celles of these two block copolymers arises from the solubil- . L
. o . and ethanol are large, both micelles can form an ellipsoidal
ity of solvophilic blocks, PtBMA block and PMAA block, in . . : .
the solvent, which changes the conformation of these blocksmlcelle core. IrFig. 7, which was obtained from an ethanol

' 9 solution of PtBMA-b-PFMA, a micelle core consisting of

accompanied with differdrsteric hindrances. PFMA, whose size is 24 nm for long hemiaxis and 17 nm
for short hemiaxis, is rather spherical.

The radius of gyration of AB-type block copolymers fol-
lows an equatioffi36]

Fig. 5. A TEM photograph of cast film on carbon grid from an agueous
solution (pH 4.7) of PMAA-b-PFMA at a concentration of 2.0 mg13.
Figures in bottom display size distribution.

3.3. Structure of fluorinated block copolymer micelles

PMAA-b-PFMA micelles in water and ethanol and

PtBMA-b-PFMA micelle in ethanol were cast on copper R aop= fARE A + fbRE s + fAf6RE AB- @)

grid coated by carbon film. The TEM photographs of spec- fh = fa@@n/ac)a/@n/dc)

imens prepared are shown Higs. 5—7with their size dis- ]ﬁ _ fB(an/ac)B/(an/ac)’ )
B= ,

tribution, which was prepared by measuring particle sizes in
each photograph. As seenFig. 5, on a cast film prepared ~ (0"/9¢€) = /a(@n/9¢)a + fo(@n/dce, 3)
from an aqueous solution of PMAA-b-PFMA, there were WhE‘YERG app S @n apparent radius of gyratioRg ,, Rg g,
ellipsoidal particles regarded as micelles. Their sizes, whereand R G are radii of gyration of core (A), shell (B),
average long hemiaxis is 41 nm and short hemiaxis is 24 nm,and micelle (AB), respectively, anh and fz are weight
are smaller than the radiu® (= 101 nm) calculated from  fractions of core (A) and shell (B), respectiveiyn/dc)a,
the radius of gyration. On the TEM observation, since the (9n/dc)g, and (dn/dc) are specific reflective index incre-
fluorine atom has large electron density, only a fluorinated ments of core (A), shell (B), and micelle (AB), respectively.
block; i.e., the PFMA core of the micelle is contrasted as If the specific reflective index increment of core (A) is close
a dark region and the PMAA micelle shell displays less con- to zero,

trast. Thus, the image obtained from the TEM photograph

is only a micelle coreFig. 6is a TEM photograph from an Rc.app™ ReB. )
ethanol solution of PMAA-b-PFMA. PMAA-b-PFMA mi-  Assuming that the micelle of a diblock copolymer is a pro-
celle in ethanol possesses an ellipsoidal core with long andlate ellipsoid of a core (A) of PFMA block and a shell (B) of
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frequency

o

100 200 a 100 200

long axis length (nm) short axis length (nm)

Fig. 6. A TEM photograph of cast film on carbon grid from an ethanol
solution of PMAA-b-PFMA at a concentration of 1.0 r;rtgn3 Figures in
bottom display size distribution.

solvophilic block, in which the shell thicknessisas shown
in Fig. 8 long and short hemiaxes,andb, respectively, are

a=s-+x,
b=t+x, (5)

wheres andr are long and short hemiaxis lengths, respec-
tively, of the PFMA core of a micelle.

Since the specific reflective index increment of poly(2-
perfluorooctylethyl methacrylate) was almost null, the ap-
proximate equatioid) can be applied for PMAA-b-PFMA
micelles. Then the radius of gyratidtg g for a prolate el-
lipsoid shell is describef87,38]as

5_ .5 5_ 5\ 1/2

Ros = <5(a : s; 2(b3 t3)) . ©)
(a®>—s°)  5(b°>—12)

From the substitution dEq. (5)into Eqg. (6) shell thickness
x can be calculated by using thi&s value from SLS mea-
surement and theandr values from TEM photographs. The
evaluated: values are listed ifiable 2 Itis inferred from the
calculated shell thicknessthat PMAA blocks are extended
in water and shrunk in ethanol. Moreover, PtBMA blocks in

ethanol are in more compact random-coil conformation than Diblock copolymer  Solvent s t x

PMAA block in ethanol. Those coincide with the discussion
that the aggregation of micelle is ruled by the conformation
of solvophilic block, as stated above.

In Table 2 ratios ofs to ¢ in a micelle core and to b
in the whole micelle are also listed. While thér values
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frequency

100

long axis length (nm)

200 0 100

short axis length (nm)

200

Fig. 7. A TEM photograph of cast film on carbon grid from an ethanol
solution of PtBMA-b-PFMA at a concentration of 2.0 piugn®. Figures in
bottom display size distribution.

Fig. 8. A core—shell model of an ellipsoidal micelle.

Table 2
Calculated shell thickness amt}y ¢4 of micelles
s/t a/b  Rycal
(hm) (nm) (nm) (nm)
PMAA-b-PFMA Water, 41 24 70 Y 12 100
pH 4.7
Ethanol 41 25 43 rX 12 73
PtBMA-b-PFMA Ethanol 23 17 29 4 11 48
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Table 3
Volume and surface area per molecule for core and shell in micelles
Diblock Solvent Volume per molecule (nth Surface area per molecule (An
copolymer Core Shell Core Shell
PMAA-b-PFMA Water, pH 4.7 62 2500 T 83
Ethanol 75 1100 2 53
PtBMA-b-PFMA Ethanol 72 1200 13 81
PMAA-b-PFMA PtBMA-b-PFMA
in water in ethanol in ethanol
| 10nm |
8nm
| |« 10nm N
shell 20nm .
I 29nm
core

3

170nm

vaolume

. 2
section area 9.1nm

Fig. 9. Schematic structures of shell and core in micelles.

(1.4-1.7) for a micelle core suggest ellipsoidal morphology

for three micelles, the shape of micelles as a whole is al-

most spherical, as the/b values suggest. The difference is

apparent from the comparison of a freeze-fracture TEM pho-

tograph from a solution ifrig. 2bwith a TEM photograph
from a cast film inFig. 5. The former, presenting the whole
structure of micelles, dispya a rather spherical shape, and
the latter gives a view of the texture of an ellipsoidal micelle
core.

Hydrodynamic radiuRy is described using geometrical
parametersy andb, of a prolate ellipsoid, as follow[89]:

(az _ b2)1/2
TN+ @@= b2)2))b

The hydrodynamic radiiRy cai for micelles of diblock
copolymers calculated frorggs. (5) and (7with the val-
uess, f, andx in Table 2are also listed inTable 2 The
RH cal Values for three midkes are comparable t&y ob-
tained from DLS (sed@able J). This consistency proves the
accuracy of the estimated valueandb.

Based on the radii of a whole micelle and a micelle core,

()

the volume and surface area per diblock copolymer mole-
cule were calculated for the core and shell of each micelle,

as listed inTable 3 Comparison of the three micelles of
diblock copolymers shows that the shell of the PMAA-b-

PFMA micelle in water has the largest volume and the larger
surface area per molecule, since contains a large amount of
a good solvent, water. While PMAA-b-PFMA and PtBMA-
b-PFMA micelles in ethanol have the same shell volume
per molecule, the surface area per molecule of a PtBMA-b-
PFMA micelle shell in ethanol is larger than that of PMAA-
b-PFMA micelle shell in ethanol. The reason for this is
related to the small aggregation number of the PtBMA-b-
PFMA micelle and the thinness of its shell. The structure of
the shell of each micelle is illustrated kig. 9.

For the micelle core, both volume and surface area per di-
block copolymer molecule are nearly the same in the three
systems. If a PFMA block is regarded as rigid cylinder, as
given in Fig. 9 (bottom, left), its volume and surface area
are 170 nm and 9.1 nr, respectively. The calculated sur-
face area is close to the observed value, but the volume is
larger than the observed volume, so that the PFMA blocks
are tightly packed in the micelle center, as showifriig. 9
(bottom, right). The averaged shorter radii 24—25 nm for
PMAA-b-PFMA micelles (se@able 2 are larger than a cal-
culated maximum extension of the PFMA block. This causes
from the steric hindrance of PFMA blocks at the center of the
core and results in the roughnésshe core—shell interface.

The self-association of fluorinated polymers has been
studied by some investigators. Xu et 0] have synthe-
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sized and characterized potigglene glycols end-capped size is due to the conformational variation of the solvophilic
with fluorocarbon hydrophobes. They interpreted the rheo- blocks, which is induced mainly by electrostatic repulsion
logical behavior of these polymers in terms of an association interaction and an affinity for the solvent. The difference of
structure of flowerlike micelles connected by bridging fluo- conformation affects the permeability and the void for small

rocarbon chains. Loppinet and Gelpé] have investigated
the colloidal structure of shbpendant chain perfluorinated
ionomer in polar solvents and confirmed the existence of
rodlike aggregates with a diameter of 1.7 nm in aqueous so-
lution.

The aggregation behavior of a series of 2-¢thylper-
fluorooctanesulfonamido)ethyl acrylate copolymerized with
polyacrylamide in water haselen investigated by Zhang et
al. [16]. Each aggregate consisted of 5-9 individual poly-
mer chains on average. Krupers et HI9,20] have dis-
cussed the micellar morphology of a semifluorinated di-
block copolymer of methyl methacrylate and 1H,1H,2H,2H-
perfluorooctyl methacrylate. While the pure block copoly-
mer formed cylindrical micelles, the addition of poly(methyl
methacrylate) shifted the association equilibrium to the side
of spherical aggregates. Busse et[80] have determined
the dimension and inner structure of micelles consisting
of copolymers otert-butyl methacrylate and 2A{-methyl-
perfluorobutanesulfonamido)ethyl methacrylate.

Matsumoto et al[27] have reported that fluorine-contain-
ing amphiphilic block copolymers consisting of poly(2-
hydroxyethyl vinyl ether) and poly(2-(2,2,2-trifluoroeth-
oxy)ethyl vinyl ether) formed core—shell spherical micelles
at a concentration of 1.0 wt¥&imilar core—shell (core-
corona) micelles were reported by Imae et |9,41]
for a block copolymer of methyl methacrylate and 2-
perfluorooctylethylmethacrylate (PMMA-b-PFMA). The
micellar shape of PMMA-b-PFMA in acetonitrile and butyl
acetate is similar to that of PtBMA-b-PFMA in ethanol in
the present work, while the micelle of PMMA-b-PFMA in
chloroform is of the crewcut type. This indicates that the as-
sociation structure of fluorated copolymers with oleophilic

guest molecules. This may be advantageous for applications.
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