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Abstract A novel styrenic monomer having hexafluoropropene trimer on the
benzene ring was prepared. The highly fluorinated monomer was polymerized to
yield a white powdery polymer, which was soluble in fluorinated solvents and had
resistance to usual organic solvents, good water repellency, and low refractivity. In
contrast to common fluoropolymers having linear-fluorinated side-chains, the
polymer has a characteristic high glass transition temperature. Thus, the fluorinated
polymer and copolymer with styrene are suitable for applications at elevated tem-
perature. The polymers can replace the conventional fluorinated polyacrylates,
which are used in large quantity as repellents with potentially generating perflu-
orooctanoic acid in the environment.

Keywords Fluoropolymers - Polystyrene - Glass transition - PFOA - Fluorinated
polymers

Introduction

The long-lived perfluorinated acid notably perfluorooctanoic acid (PFOA), which
accumulates in the human body and environment, have raised worldwide
environmental concerns. Fluorinated repellents of polyacrylates and polymethac-
rylates that contain long perfluoroalkyl groups as side-chains appear to be a source
of PFOA that forms in the environment when the polymers degrade. Therefore, it is
imperative that versatile materials be found in order to replace such conventional
fluorinated repellents [1, 2].

Perfluorinated or highly fluorinated polymers with low surface energy show excellent
chemical inertness and water- and oil-repellency, however, their processability are often
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poor because of their insolubility in usual organic solvents. Hybrid polymers comprising
hydrocarbon and fluorocarbon segments, such as polyacrylates and polymethacrylates
with fluorinated side-chains, combine the unique properties of the highly fluorinated
polymers and processability of the conventional hydrocarbon-based polymers [3-5].

Although there exists an environmental concern, such polyacrylates and
polymethacrylates with linear perfluoroalkyl side-chains are widely used because
of their facile monomer synthesis and polymerization.

We recently prepared a styrenic monomer bearing a hexafluoropropene trimer
group, a highly branched perfluorinated pendant, and found it fairly polymerizable
and copolymerizable with styrene under radical conditions [6]. Whereas the
polymer and copolymer retain characteristics of fluoropolymers such as low surface
energy, low refractivity, and resistance to usual organic solvents, their glass
transition temperatures are somewhat higher than that of polystyrene indicating that
the branched perfluorinated pendant is a good choice for the substituent which does
not reduce heat-resistance of the polymers. Moreover, the trimer moiety is expected
to decompose to hexafluoropropene without forming PFOA when such polymers
degrade in the environment.

In this article, a different type of styrene, which had the hexafluoropropene trimer
group directly connected to the benzene ring, was synthesized and the properties of
the polymer were evaluated.

Experimental
Materials

A hexafluoropropene trimer mixture containing perfluoro(3-ethyl-2,4-dimethyl-2-
pentene) (T3, 69% by GC), perfluoro(3-isopropyl-4-methyl-2-pentene) (T2, 29%),
and perfluro(2,4-dimethyl-3-heptene) (T1, 2%) was obtained by oligomerization of
hexafluoropropene in the presence of cesium fluoride and a crown ether; distillation
of the mixture gave a T2-enriched fraction (T2, 81%) [7]. 4-Bromobenzaldehyde
diethylacetal and 2,2'-azobis(isobutyronitrile), obtained commercially, were
used without further purification; styrene was distilled from calcium hydride.
4-Perfluoro(2-isopropyl-1,3-dimethyl-1-butenyl)-oxy-styrene (FOSt) and its poly-
mer were prepared as described in the literature [6].

4-Perfluoro(2-isopropyl-1,3-dimethyl-1-butenyl)benzaldehyde diethylacetal

A 1.6 M hexane solution of n-butyllithium (16 mL, 26 mmol) was added dropwise
to an ethereal solution (40 mL) of 4-bromobenzaldehyde diethylacetal (5.18 g,
20.0 mmol) at 0 °C under an argon atmosphere. To the solution stirred for
additional 0.5 h at 0 °C and cooled at —40 °C, a hexafluoropropene trimer mixture
(14.1 g) containing T2 (11.4 g, 25.3 mmol) was added dropwise, and the resulting
mixture was stirred for additional 3 h at —40 °C. The mixture was washed with
water and the organic layer was dried over anhydrous MgSQO,. Evaporation of the
solvents gave a pale yellow liquid, which was purified by column chromatography
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(silica-gel; eluent: hexane with 2% ethyl acetate) to give the perfluoroalkylated
acetal as a colorless liquid (7.67 g, 63% yield).

The acetal exists as an equilibrium mixture of two rotation isomers A and B
(A/B = 1.8/1 at 25 °C), as confirmed by F_ and 'H -NMR. The isomers can be
separated by HPLC; each isomer reverts in part to the other to give the same
equilibrium mixture at room temperature within an hour.

GC-MS (EI, 70 eV, isomers mixture) m/z: 565 [M—OC,Hs]" (relative intensity:
100), 537 [M-OC,Hs-C,H,]" (69), 469 [CoF;sCeH,41™ (10), 419 [CsF 3CeH4l™"
(11), 399 [CgF,CeH31™ (11), 331 (11), 300 (22), 299 (20), 297 (14), 281 (22), 250
(16), 232 (13), 231 (12), 201 (16), 200 (11), 182 (41), 151 (14), 133 (13), 103 (46),
75 (58), 69 (59), 47 (89).

FE.NMR (isomer A in CDCly): —63.1 ppm (sept, 3F, J = 16.7 Hz), —69.9
(gm, 6F, J, = 16.7), =71.8 (dm, 6F, J4 = 39.3), -151.6 (dm, 1F, J4 = 10.7), -157.1
(sept d, IF, Jyepe = 39.3, Jg = 10.7); "H-NMR (isomer A in CDCls): 7.5-7.6 ppm
(m, 2H), 7.16 (d, 2H, J = 8.1 Hz), 5.55 (s, 1H), 3.56 (m, 2H), 1.25 (t, 3H, J = 7.0).

F.NMR (isomer B in CDCls): —56.0 ppm (dm, 3F, Jq = 64.1 Hz), —70.0
(s, 6F), =71.3 (d, 6F, J = 38.2), -161.9 (qdm, 1F, J, = 64.1, J; = 11.8), —164.2
(sept dm, 1F, Joepe = 38.2, Jg = 11.8); "H-NMR (isomer B in CDCl5): 7.5-7.6 ppm
(m, 2H), 7.42 (d, 1H, J = 8.1 Hz), 7.22 (d, 1H, J = 8.1), 5.56 (s, 1H), 3.56 (m, 2H),
1.24 (t, 3H, J = 7.0).

IR (neat, isomers mixture): 1059 (C-O-C,Hs); 1308-1119, 980 (C-F) cm~ L.

4-Perfluoro(2-isopropyl-1,3-dimethyl-1-butenyl)benzaldehyde

A tetrahydrofuran solution (70 mL) of 4-perfluoro(2-isopropyl-1,3-dimethyl-1-bute-
nyl)benzaldehyde diethylacetal (7.00 g, 11.5 mmol) and an aqueous solution (6 mL)
of p-toluenesulfonic acid monohydrate (0.35 g, 1.8 mmol) were mixed and refluxed
for 0.5 h. The mixture was diluted with ether, washed with water and aqueous
NaHCOj;, and dried over anhydrous MgSO,. Evaporation of the solvents and
purification by column chromatography (silica-gel; hexane with 2% ethyl acetate)
gave the perfluoroalkylated benzaldehyde as a colorless liquid (5.39 g, 88% yield).

The aldehyde exists as an equilibrium mixture of two rotation isomers C and D
(C/D = 3.8/1 at 25 °C), as confirmed by '°F- and '"H-NMR.

GC-MS (EL 70 eV, isomers mixture) m/z: 536 M™" (relative intensity: 58), 535
[M-H]" (91), 469 [CoF;sCsH4l™ (16), 419 [CgF 3CeHal™ (24), 369 [C7F;CeHal™
(23), 350 (16), 300 (26), 297 (47), 281 (28), 250 (53), 231 (22), 201 (20), 200 (26),
182 (19), 69 (100), 51 (17), 50 (16).

YE-NMR (isomer C in CDCls): —62.5 ppm (sept, 3F, J = 16.6 Hz), —69.8
(m, 6F), =71.7 (dm, 6F, J4 = 39.6), —150.6 (dm, 1F, J4 = 10.2), -157.2 (sept d, 1F,
Jsepe = 39.6, Jg = 10.2); "H-NMR (isomer C in CDCl5): 10.1 ppm (s, 1H), 7.9-8.0
(m, 2H), 7.37 (d, 2H, J = 8.1 Hz).

F.NMR (isomer D in CDCls): —54.9 ppm (dm, 3F, Jq = 66.3 Hz), —69.8
(s, 6F), -71.2 (d, 6F, J = 37.3), —-162.1 (qdm, 1F, J4 = 66.3, Jq = 11.7), -164.5
(sept dm, 1F, Jop = 37.3, Jg = 11.7); "H-NMR (isomer D in CDCly): 10.1 ppm
(s, 1H), 7.9-8.0 (m, 2H), 7.43 (d, 2H, J = 7.8 Hz).

IR (neat, isomers mixture): 1713 (CH=0); 1308-1119, 982 (C-F) cm ™.
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4-Perfluoro(2-isopropyl-1,3-dimethyl-1-butenyl)styrene (FSt)

A 1.6 M hexane solution of n-butyllithium (9.5 mL, 15 mmol) was added dropwise
to an ethereal suspension (27 mL) of methyltriphenylphosphonium bromide (5.40 g,
15.1 mmol) at 0 °C under an argon atmosphere. To the mixture stirred at room
temperature for 0.5 h and cooled again in an ice-water bath, 4-perfluoro
(2-isopropyl-1,3-dimethyl-1-butenyl)benzaldehyde (2.70 g, 5.04 mmol) was added
over 10 min. The resulting mixture was stirred at room temperature for 2 h, poured
in water, and extracted twice with ether. The combined ether layers were washed
with water and dried with anhydrous MgSO,. Evaporation of the solvents and
purification by column chromatography (silica-gel; eluent: hexane) gave the FSt
monomer as a colorless liquid (1.31 g, 49% yield).

B.p.38.5—39 °C/0.03 Torr.

The FSt monomer exists as an equilibrium mixture of two rotation isomers E and
F (E/F = 1.8/1 at 25 °C), as confirmed by '°F- and 'H -NMR.

GC-MS (EL 70 eV, isomers mixture) m/z: 534 M (relative intensity: 94), 515
[M=F] " (17), 465 [M=CF;]" (95), 396 [M—C,F¢]" (100), 327 [M=C;F,] " (53), 307
(17), 296 (26), 276 (25), 227 (60), 208 (29), 177 (35), 69 (57).

1“F.NMR (isomer E in CDCl3): —63.2 ppm (sept, 3F, J = 16.6 Hz), —69.9
(m, 6F), =71.7 (dm, 6F, J4 = 39.1), -151.7 (dm, 1F, J4 = 11.7), —157.2 (sept d, 1F,
Jsept = 39.1, Jg = 11.7); "H-NMR (isomer E in CDCl;3): 7.4-7.5 ppm (m, 2H), 7.13
(d, 2H, J=38.1 Hz), 6.73 (dd, 1H, Jgq = 17.5, Jg» = 10.9), 5.84 (dd, 1H,
Ja = 17.5, Jyp = 8.2), 5.37 (dd, 1H, J4; = 10.9, J4, = 8.2).

"E-NMR (isomer F in CDCl3): —56.2 ppm (dm, 3F, J4 = 64.4 Hz), =70.0 (s, 6F),
-71.3 (d, 6F, J = 39.2), —-161.9 (qdm, 1F, J, = 64.4, J4 = 11.7), —164.3 (sept dm,
IF, Jgepe = 39.2, Jg = 11.7); "H-NMR (isomer F in CDCly): 7.4-7.5 ppm (m, 2H),
7.18 (d, 2H, J = 8.1 Hz), 6.72 (dd, 1H, Jq, = 17.7, J4» = 11.1), 5.84 (dd, 1H,
Ju =177, Jp = 82),537 (dd, 1H, Jg; = 11.1, J3p = 8.2).

IR (neat, isomers mixture): 1609, 1508 (benzene); 1404, 918 (vinyl); 1308-1121,
980 (C-F) cm ™.

Bulk polymerization

The FSt monomer and 2,2'-azobis(isobutyronitrile) as the radical initiator were
placed in an ampoule, and the mixture was degassed by successive freeze—thaw
cycles. The polymerization was done at 60 °C in vacuo, after which the mixture was
diluted with hexafluorobenzene and poured into methanol. The polymer that
precipitated was collected and dried in vacuo then purified twice by reprecipitation
from methanol.

Found: C, 36.62%; H, 1.61%; F, 60.43%. Calcd. for C,;H;F,7: C, 38.22%; H,
1.32%; F, 60.46%.

IR (KBr): 1611, 1508 (benzene); 1310-1119, 980 (C-F) cm™ ..

Copolymerization of FSt and styrene was done by a method similar to that
described above. The copolymers formed were dissolved in hexafluorobenzene (or
tetrahydrofuran), precipitated in methanol, and purified by reprecipitation.
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Instruments

IR spectra were obtained with a Shimadzu FTIR-8600PC spectrophotometer. Mass
spectra were taken with a Shimadzu QP-5000 instrument at 70 eV. 'H-NMR
(300.0 MHz) and YF.NMR (282.2 MHz) measurements were recorded on a Varian
UNITY INOVA-300, the chemical shifts being defined as J values relative to TMS
and CFClj;, respectively. GPC was performed with a couple of TOSOH GMH6
columns and chloroform as the eluent, or with a Polymer Laboratories PLgel
MIXED-C column and CF3;CF,CHCI,/CCIF,CF,CHCIF (1/1). Glass transition
temperatures and thermal decomposition temperatures of polymers were measured
with a Shimadzu DSC-50 differential scanning calorimeter and a TG-50 thermo-
gravimeter. Contact angles of water droplets to polymer film surfaces were
measured with an Erma G-1 goniometer.

Results and discussion
Monomer preparation

A novel styrenic monomer, FSt, was prepared as shown in Scheme 1. The
phenyllithium reacted with a hexafluoropropene trimer T2 to give the monomer
precursor, in which the trimer group is directly bonded to the benzene ring. The
vinyl group was introduced by the Wittig reaction.

As shown in Fig. 1, "“F_NMR revealed the FSt monomer to exist as a mixture of
rotation isomers at room temperature [8]. The population of the isomers indicates
comparable steric hindrance of the benzene ring and trifluoromethyl group at the
same carbon of the double bond with respect to the conformation of the gear-
meshed heptafluoroisopropyl groups at the other carbon of the double bond.
Although the isomers can be separated by HPLC, the each isomer reverts in part to
the other thus affording the equilibrium mixture within an hour at ambient
temperature. The slow isomerization due to the barrier to rotation of the
heptafluoropropyl groups indicates the rotation about the C—C bond between the
benzene ring and the trimer group is restricted as well.

In contrast to the FSt monomer, FOSt having the trimer group attached to the
benzene ring with the ether linkage can be easily prepared from hexafluoropropene
trimer and hydroxystyrene (Fig. 1). Rotation isomers of FOSt are not found at room
temperature.

FsC_F 1) LiCeHsCH(OCoHs)2  F4C CH=CH,
\ 2) H*
F CFs - F CFs
F.C CF.  3)PhsP=CH
% CFs F ° 2 FsC CFs F CF3
T2 FSt

Scheme 1 FSt monomer preparation
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Polymerization and polymer properties

Homopolymerization of FSt and copolymerization with styrene were done in bulk
with 2,2'-azobis(isobutyronitrile) as the radical initiator. As shown in Table 1, the
FSt homopolymer was obtained although the radical homopolymerization rate of
FSt in bulk was significantly slow with the small degree of polymerization,
compared with those for St and FOSt.

The FSt homopolymer was insoluble in the non-fluorinated organic solvents tested
but soluble in hexafluorobenzene, m- and p-bis(trifluoromethyl)benzene, 1,1,2-
trichlorotrifluoroethane, and a mixed solvent of CF;CF,CHCI,/CCIF,CF,CHCIF
(1/1).

The molecular weight of polyFSt determined by GPC is sufficiently high to give
a self-supporting film. The film formed by casting the hexafluoro-benzene solution
of the polymer on a glass surface and evaporation of the solvent has good water
repellency with the contact angle of 112°, comparable to that of poly(tetrafluoro-
ethylene) (108°) [9]. The low surface energy of the polymer is attributed to the
trifluoromethyl groups in its highly branched perfluorinated moieties [10]. Due to its
high fluorine content, the polymer film has a significantly low refractive index.

The copolymerization gave poly(St-co-FSt)s with good solubility in the usual
organic solvents such as chloroform, toluene, and tetrahydrofuran (e.g., copolymers
with 2.2, 18.5, and 30.3% FSt). The copolymers with 18.5 and 30.3% FSt are partly
soluble in fluorinated solvents as well. '’F-NMR spectra of the FSt monomer and its
copolymer show that the perfluoroalkenyl moiety of FSt was intact throughout the
polymerization (Fig. 2). The molecular weights of the copolymers are in the range
of ca. 5 x 10°~1 x 10°, which are somewhat low compared with that of polySt
prepared under the similar condition.

The monomer reactivity ratios were determined based on the copolymerization
data in Table 1 by means of the Mayo-Lewis integrated equation and the Kelen—
Tiid6s linear least-squares procedure [11] giving rgs; = 0.90 and rg, = 0.36. The
calculated composition curve for the copolymerization and plots of the experimental
data are shown in Fig. 3. The reactivity of FSt as a monomer is higher than that of
styrene and FOSt (rgos; = 0.73 and rg, = 0.62 [6]) in the radical copolymeriza-
tions, although the polymerization rate is markedly reduced by FSt, which indicates
the significantly low reactivity of the FSt radical of the propagating chain end. The
reduced reactivity would be attributed to the hindered structure of the FSt radical.

Tough copolymer films were also obtained by casting the chloroform solutions
on glass surfaces. As the fluorine content of the copolymer increased, the contact
angle of water to the copolymer surface also increased (Table 2). The copolymer

Fig. 1 FOSt molecular
structure FsC O CH=CH,

F CF4
F.C CF
¥ CFy F 78
FOSt
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Table 1 Bulk copolymerization of FSt and styrene with 0.10 mol.% AIBN at 60 °C in vacuo

Run Feed Time (h) Yield Polymer

—_—— (%)) - —

FSt (g) St (g) FSt (mol.%") M, (107) MM,
1 1.00 - 96 0.170 (17) - 7.6 2.2
2 0.855 0.0417 72 0.186 (21) 80.9 9.2 2.2
3 0.641 0.0833 72 0.156 (22) 65.4 6.8 2.3
4 0.427 0.125 72 0.153 (28) 50.2 6.0 24
5 0.427 0.333 48 0.270 (36) 30.3 4.7 2.5
6 0.534 0.937 24 0.412 (28) 18.5 6.1 2.0
7 0.054 1.03 12 0.286 (26) 22 9.9 1.9
8 - 1.04 12 0.290 (28) - 10.8 1.9
9 FOSt

5.00 - 5 2.15 (43) - 23.6 2.2

? Determined by elemental analysis (F%)

® Determined by GPC correlating to standard poly(dimethylsiloxane)s in CF;CF,CHCl,/CCIFE,CF,CHCIF
for runs 1-5, 9 and standard polystyrenes in CHCl; for runs 6-8

CH=CH,
FSt

poly(St-co-FSt)

|l

___JﬁkNJLJJ :\'L |

— S B I e o o T s T
-40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 ppm

Chemical shift ()

Fig. 2 F.NMR spectra of FSt monomer and poly[St-co-FSt (18.5%)] in CDCls; the chemical shift
defined with CFCl; as the reference

containing 18.5% FSt combines good solubility in most organic solvents and
marked water repellency comparable to that of the homopolymer.

Glass transition

DSC curves of the polymers are shown in Fig. 4. The glass transition of polyFSt
occurs at a higher temperature than that of polySt, which is attributable to the bulky,
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Fig. 3 Calculated composition 100
curve for copolymerization of

FSt with styrene; plots indicate

the experimental data

FSt in Copolymer (mol%)

50
0 1
0 50 100
FSt in Feed (mol%)

Table 2 FSt Polymer properties
Polymer CA? (deg.) n? T2 (°C)
PolyFSt 112 1.410 158
Poly[St-co-FSt (65.4%)] - - 145
Poly[St-co-FSt (18.5%)] 105 - 115
Poly[St-co-FSt (2.2%)] 99 - 102
PolySt 92 - 102
PolyFOSt 111 1.415 124

* Contact angle of water at 25 °C

® Glass transition temperature determined by DSC in the 2nd heating (10 °C/min)

highly branched perfluorinated trimer moieties that restrict motion of the polymer
backbones. The hindered rotation about the carbon—carbon bond between the
benzene ring and the trimer group in polyFSt would make the polymer backbone
stiffer than that of polyFOSt resulting in the glass transition at higher temperature.
This enhanced T, of polyFSt contrasts well with the lowered Ts of polystyrenes that
have linear polyfluoroalkyl groups [12-14], in which the plasticizing effects of the
side-chains are thought to have a role in their glass transitions. For instance, the Ts
of polystyrenes with p-CF(CF;3), [15], p-C;F;s [16], p-CH,OCH,CH,C,F,,
p-CHzOCHzCH2C6F13, and p-CHzOCHzCH2C8F17 [14] are 108, 47, 15, 19, and
55 °C (melting peak 82 °C), respectively.

PolyFSt and polyFOSt began to degrade at lower temperatures than polySt and
decomposed more rapidly as shown in Fig. 5. Steric repulsion between the
repeating units in the polymers would be the cause for the thermal instability,
although the difference in the decomposition behavior of polyFSt and polyFOSt is
not marked.

@ Springer
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Fig. 4 Glass transition traces of
polyFSt and poly(St-co-FSt)s
recorded by DSC in the 2nd
heating (10 °C/min)

Fig. 5 Thermal weight loss
curves recorded by TG at
10 °C/min under inert
atmosphere

Conclusion

Heat flow (——ex0.)

Weight (%)

813
\ polyFOSt
\E polySt
\\ poly[St-co-FSt (2.2%)]
\_\po]_y[ist-co-FSt (18.5%)]
\pﬂly_[-St-co-FSt (65.4%)]
polyFSt
100 200 300
Temperature (°C)
100
ﬁ polySt
polyFOSl—/
50

polyFSt J

1 1 1
200 400 600
Temperature (°C)

Polystyrene having hexafluoropropene trimer pendants directly connected to the
benzene rings was prepared. The highly fluorinated polymer has an enhanced glass
transition temperature in contrast to polymers having linear fluorinated side-chains.
Whereas the polymerization rate was reduced by the fluorinated monomer, the
copolymers with styrene having good processability, water repellency, and high
glass transition temperatures were attained.

References

1. Guo J, Resnick P, Efimenko K, Genzer J, Desimone JM (2008) Alternative fluoropolymers to avoid
the challenges associated with perfluorooctanoic acid. Ind Eng Chem Res 47:502-508

@ Springer



814 Polym. Bull. (2011) 67:805-814

2. Huang J, Meng W, Qing F (2007) Synthesis and repellent properties of vinylidene fluoride-containing

polyacrylates. J Fluor Chem 128:1469-1477

. Ahlbrecht AH, Reid TS, Husted DR (1953) Fluorinated acrylates and polymers. US Patent 2,642,416

4. Bovey FA, Abere JF, Rathmann GB, Sandberg CL (1955) Fluorine-containing polymers. III. Poly-
mers and copolymers of 1,1-dihydroperfluoroalkyl acrylates. J Polym Sci 15:520-536

5. Fram P (1964) Acrylic elastomers. In: Mark HF, Gaylord NG, Bikales NM (eds) Encyclopedia of
polymer science and technology, vol 1. Interscience, New York, pp 226-246

6. Hayakawa Y, Ono T (2006) Facile synthesis of polystyrene bearing highly branched perfluorinated
groups. Eur Polym J 42:1357-1361

7. Dmowski W, Flowers WT, Haszeldine RN (1977) The use of crown ethers in the synthesis of
hexafluoropropene and tetrafluoroethylene oligomers. J Fluor Chem 9:94-96

8. Nishida M, Fukaya H, Ono T (2003) Synthesis and conformational studies of methylated, highly
branched fluoroolefins: gear-meshed conformational isomers. Eur J Org Chem 2003:3648-3658

9. Fox HW, Zisman WA (1950) The spreading of liquids on low energy surfaces. I. Polytetrafluoro-
ethylene. J Colloid Sci 5:514-531

10. Zisman WA (1965) Improving the performance of reinforced plastics. Ind Eng Chem 57:26-34

11. Tid6s F, Kelen T, Foldes-Berezsnich T, Turcsanyi B (1976) Analysis of linear methods for deter-
mining copolymerization reactivity ratios. III. Linear graphic method for evaluating data obtained at
high conversion levels. J Macromol Sci Chem A10:1513-1540

12. Ishihara K, Kogure R, Matsui K (1988) Polymerization ability of perfluoroalkyloxy group substituted
styrene derivatives and their surface characteristics. Kobunshi Ronbunshu 45:653—659 (in Japanese)

13. Hopken J, Moller M (1922) Low surface energy polystyrene. Macromolecules 25:1461-1467

14. Bouteiller V, Garnault AM, Teyssié D, Boileau S, Moéller M (1999) Synthesis, thermal and surface
characterization of fluorinated polystyrenes. Polym Int 48:765-772

15. Boemer B, Sueling C, Koenig J, Hespe H, Heynemann K, Weber R (1979) Styrene polymers
containing at least 3 fluorine atoms per molecule and their use. Ger Offen DE 2,936,131

16. Andrews RJ, Grulke EA (1999) Glass transition temperatures of polymers. In: Brandrup J, Immergut
EH, Grulke EA (eds) Polymer handbook, 4th edn. Wiley, New York, p VI/193

w

@ Springer



	Novel polystyrene bearing highly branched hexafluoropropene trimer pendants
	Abstract
	Introduction
	Experimental
	Materials
	4-Perfluoro(2-isopropyl-1,3-dimethyl-1-butenyl)benzaldehyde diethylacetal
	4-Perfluoro(2-isopropyl-1,3-dimethyl-1-butenyl)benzaldehyde
	4-Perfluoro(2-isopropyl-1,3-dimethyl-1-butenyl)styrene (FSt)

	Bulk polymerization
	Instruments


	Results and discussion
	Monomer preparation
	Polymerization and polymer properties
	Glass transition

	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


