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Well-defined poly(dimethylsiloxane)-b-poly(2,2,3,3,4,4,4-heptafluorobutyl methacrylate-
b-poly(styrene) (PDMS-b-PHFBMA-b-PS) triblock copolymers were prepared by two-step
reversible addition-fragmentation chain transfer (RAFT) polymerization. The two-step RAFT
polymerization proceeded in a controlled manner as demonstrated by the macromolecular
characteristics of the blocks and corresponding polymerization kinetic data. Furthermore,
surface properties and morphologies of the polymers were investigated with static water
contact angle (WCA) measurement, X-ray photoelectron spectroscopy (XPS), transmission
electron microscopy (TEM) and atomic force microscopy (AFM) which showed low surface
energy and microphase-separation surfaces.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Recently, increasing attention has been attracted to the
combined incorporation of siloxane moieties and fluori-
nated groups into synthetic materials. The comprehensive
properties of these materials, which combines advantages
of both siloxane and fluorinated polymers, are excellent,
including weather resistance, low surface energy, chemical
resistance, etc. [1-5] They have been widely used as surface
modification agents for improving surface properties in the
fields of coatings, adhesives, films, fibers and moldings, etc.
[4-7]. Various fluorosilicone block copolymers containing
poly(dimethyl-siloxane) (PDMS) and fluorocarbon seg-
ments have previously been prepared in our laboratory
[5,8,9]. The synthesis and applications of fluorosilicone
block copolymers have also been reviewed [10,11], and sev-
eral methods of preparation of fluorosilicone block copoly-
mers have been reported. For instance, Kim et al. [12-14]
reported the fluorosilicone block copolymers of poly(perflu-
oroalkylethyl acrylate)-b-poly(3-[tris(trimethylsilyloxy)-
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silyl] propyl methacrylates) (PFA-b-PSiMAs) prepared by a
three-step synthetic approach. In the first step, the free-rad-
ical polymerization was applied to prepare PFA macromo-
nomer (PFAM). Then, PFAM initiator (PFAMI) was prepared
via the condensation reaction. At last, the reaction of PFAMI
and SiMA was used to prepare the PFA-b-PsiMAs block
copolymers. Recently, Boutevin et al. [15-17] reported the
synthesis of the fluorosilcone block copolymers. However,
Boutevin et al. [15] prepared the photocrosslinkable fluori-
nated PDMS via two-step hydrosilylation. More recently,
Luo et al. [5,8,9] prepared the fluorosilcone block copoly-
mers of PDMS-b-poly(methyl methacrylate)-b-poly(2,2,3,-
3,4,4,4-heptafluorobutylmethacrylate) (PDMS-b-PMMA
-b-PHFBMA) and PDMS-b-PHFBMA via atom transfer radical
polymerization (ATRP). Based on above discussion, it be-
comes clear that the fluorosilicone block copolymers have
been achieved mainly by living anionic polymerization
and ATRP. No detailed research has been done using the
RAFT technique to prepare them. In this article, we investi-
gate the synthesis of poly(dimethylsiloxane, DMS)-b-poly-
(2,2,3,3,4,4,4-heptafluorobutyl methacrylate, HFBMA)
-b-poly-(styrene, St) (PDMS-b-PHFBMA-b-PS) in a two-step
RAFT polymerization, which starts from the RAFT polymer-
ization of HFBMA and ends in RAFT of St.
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Obviously, during this last decade the RAFT polymeriza-
tion has already been used to prepare siloxane polymers or
fluorinated polymers, along with homo- and copolymeriza-
tions of siloxane/fluorinated methacrylates and acrylates,
and siloxane/(fluorinated) St, alone or in combination with
other monomers [10,11,18-25]. Unfortunately, the chain
transfer ability of xanthates (usually used as the chain
transfer agent of RAFT polymerization of St) was poor,
resulting in polydispersities (PDIs) of polymers ranging
from 1.5 to 2 in the past [18,25]. However, up to now,
the synthesis of fluorinated polysiloxanes through the
RAFT polymerization was not described. Thus, we were
interested in studying the application of this method in
the synthesis of fluorinated polysiloxanes in order to de-
velop a novel approach to synthesize fluorosilicone
copolymers.

It was interesting to test the structures and surface
properties of the newly synthesized fluorosilicone block
copolymers. For this purpose, we used a PDMS-macro-
RAFT agent to mediate polymerization of methacrylate
monomers with fluorinated side groups to prepare fluoro-
silicone triblock polymers. To get triblock copolymers with
low surface energy, we designed novel PDMS-b-PHFBMA-
b-PS triblock copolymers. Therefore, a novel approach to
synthesize fluorosilicone copolymers and novel fluorosili-
cone triblock copolymers are helpful to the further study
in the controlled/living radical polymerization techniques
applied in fluorosilicone polymers.

2. Experimental
2.1. Materials

Monohydroxyl-terminated polydimethylsiloxane (PDMS-
OH, 5000 g/mol determined by GPC) and 2-bromoiso-
butyrylbromide (98%) were obtained from A Better Choice
for Research Chemicals GmbH & Co. KG. Triethylamine
(99%) was supplied by Sinopharm Chemical Reagent Co,
Ltd. (SCRC) and stored with 4-A molecular sieves. Styrene
(St) obtained from Guangdong Xilong Chemical Co, Ltd.
was rinsed with 5 wt.% aqueous NaOH solution to remove
the inhibitor. 2,2,3,3,4,4,4-heptafluorobutyl methacrylate
(HFBMA, Lancaster, 98%) was also washed with 5 wt.%
aqueous NaOH solution to remove inhibitor before polymer-
ization. Azobisisobutyronitrile (AIBN) obtained from Shang-
hai No.4 Reagent & H.V. Chemical Co, Ltd. was recrystallized
from ethanol. Potassium O-ethylxanthate was supplied by
J&K Chemical Co, Ltd and used without further purification.
All other reagents and solvents were obtained from SCRC
and used without further purification.

2.2. Measurements

Proton nuclear magnetic resonance (‘H NMR) was per-
formed on a Bruker AV400 instrument with deuterated
chloroform as the solvent. Fourier transform infrared
(FT-IR) spectra were obtained on an Avatar 360 FT-IR
spectrophotometer. Gel permeation chromatography (GPC)
was carried out using tetrahydrofuran (THF) at a flow rate
of 1 ml/min, with a Waters 1515 isocratic HPLC pump

equipped with a Waters 2414 refractive index detector
and three Waters Styragel HR columns (1 x 104, 1 x 103,
and 500 A pore sizes). Monodisperse polystyrene stan-
dards were used for calibration. Static water contact an-
gles of the diblock and triblock copolymer films were
measured on a telescopic goniometer (SL-200B). For each
angle reported, at least seven sample readings from dif-
ferent surface locations were averaged. The morphologies
of the PDMS-b-PHFBMA-b-PS triblock copolymers were
identified by transmission electron microscopy (TEM).
The thin film was obtained via the slow evaporation tech-
nique: 25 ml THF was poured into a dry and sealed desic-
cator to form a solvent atmosphere. A drop of 1wt%
polymer solution was applied onto a copper grid coated
with carbon, and then the grid was placed in the desicca-
tor for 72 h to eliminate trace solvent. A transmission
electron microscope (TecnaiF30) was used with an accel-
erating voltage of 300 kV. Besides, Atomic force micros-
copy (AFM) images were observed on NanoScope SPM
(Veeco, USA) in ultra-light-tapping mode under ambient
conditions (25 °C, 40% RH). X-ray photoelectron spectros-
copy (XPS) spectra were recorded with a PHI quantum
2000 scanning ESCA microprobe, equipped with an
Al Kotq , monochromatic source of 1486.60 eV. The beam
was 200 um in diameter and the analysis area was 1.5
x 0.2 mm. The measurements were typically operated at
35 W. A typical multiplex pass energy was 29.35 eV, and
a typical survey pass energy was 187.85 eV. XPS samples
were made as follows: the block copolymers were dis-
solved in THF, then cast onto aluminum foil, and dried
in vacuum at room temperature.

2.3. Synthesis of bromine end-capped PDMS (PDMS-Br)

Synthesis of PDMS-Br via the esterification reaction of
2-bromoisobutyrylbromide with a commercially available
PDMS-OH (Scheme 1) has been described previously
[8,26,27]. The product is pale yellow oil (yield: 4.1712 g,
85%) and used for the preparation of PDMS-macro-RAFT
agent. "TH NMR (8, ppm, in CDCl5): 0.1 (m, 396H, —Si(CHs),),
0.55 (m, 4H, —SiCH5), 0.90 (m, 3H, —CH3), 1.33 (m, 4H,
—CH,), 1.58 (m, 2H, —CH,CH,0), 1.96 (s, 6H, —C(CH3),Br),
3.46 (t, 2H, —CH,0), 3.70 (t, 2H, —OCH,), 4.34 (t, 2H,
—CH,0CO). FT-IR (liquid): 2964 cm™~! (alkyl C—H stretch-
ing), 1742 cm™! (—C=O0 stretching), 1260 cm~! —Si(CHs),
flexing) and 1000-1100 cm ™! (Si—O stretching).

2.4. Synthesis of xanthate-capped PDMS (PDMS-macro-RAFT
agent)

We prepared xanthate-capped PDMS as the PDMS-
macro-RAFT agent (the detailed experimental procedures
are described in Appendix A). 'H NMR (8, ppm, in CDCls):
0.1 (m, 396H, —Si(CHs)), 0.55 (m, 4H, —SiCH,), 0.90 (m,
3H, —CH3), 1.33 (m, 4H, —CH,), 1.45(s, 3H, —OCH,CHs),1.58
(m, 2H, —CH,CH,0), 1.96 (s, 6H, —C(CH3),Br), 3.46 (t, 2H,
—CH,0), 3.70 (t, 4H, —OCH,), 4.34 (t, 2H, —CH,0CO). FT-IR
(liquid): 2964 cm™! (alkyl C—H stretching), 1742 cm~! (—C=0
stretching), 1260cm™! (—Si(CHs), flexing) and 1000-
1100 cm™! (Si—O stretching).
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Scheme 1. Synthetic Scheme of the PDMS-macro-RAFT agent.

2.5. Synthesis of PDMS-b-PHFBMA diblock copolymers

The RAFT polymerization was carried out in a dry
flask surrounded by the inert atmosphere of nitrogen.
The polymerization of HFBMA using AIBN as initiator
proceeded with initial molar ratio of each component
of [M]/[RAFT agent]/[I]=50:1:1 (Scheme 2). AIBN
(0.0146 g, 0.0890 mmol) and PDMS-macro-RAFT agent
(0.4622 g, 0.0890 mmol) were charged into a dry two-
neck flask along with a magnetic stirrer bar. Vacuum
was then applied (pumped) and the flask was flushed
with nitrogen, which was repeated for three times.
HFBMA (0.887 ml, 4.45 mmol) and toluene (1.210 ml)
were added to the flask using degassed syringes. The
solution was flushed with nitrogen as described above,
and then heated to 60 °C in oil bath. Samples were taken
periodically with a syringe. The reaction was stopped
after 4 h. The reaction mixtures were diluted with THF,
and precipitated in methanol. The obtained polymer
was rinsed with methanol for several times and dried
to constant weight under vacuum at 50°C (yield:
1.4023 g, 84%). The overall monomer conversion rate
was determined gravimetrically.

2.6. Synthesis of PDMS-b-PHFBMA-b-PS triblock copolymers

As PDMS-b-PHFBMA diblock copolymers synthesized
above are xanthate-capped, therefore, they can act as
macro-RAFT agent to further synthesize triblock copoly-
mers. The polymerization of St using AIBN as initiator pro-
ceeded with initial molar ratio of each component of [M]/
[RAFT agent]/[1] =100:1:1 (Scheme 2). AIBN (0.0064 g,
0.0390 mmol) and PDMS-macro-RAFT agent (0.6248 g,
0.0390 mmol) were charged into a dry two-neck flask

along with a magnetic stirrer bar. Vacuum was then
pumped and the flask was flushed with nitrogen, which
was repeated for three times. St (0.448 ml, 3.90 mmol)
and toluene (1.100 ml) were added to the flask using de-
gassed syringes. The solution was flushed with nitrogen
as described above, and then heated to 60 °C in an oil bath.
Samples were taken periodically with a syringe. The reac-
tion was stopped after 5 h. The reaction mixtures were di-
luted with THF, and precipitated in methanol. The obtained
polymer was rinsed with methanol for several times and
dried to constant weight under vacuum at 50 °C (yield:
0.8916 g, 86%). The overall monomer conversion rate was
determined gravimetrically.

3. Results and discussion
3.1. Synthesis of bromine end-capped PDMS (PDMS-Br)

Taking into considerations of the appropriate molecular
weight and end group structures, we choose PDMS. The
reaction was completed with a high yield and the chemical
structure of the resulting product was fully characterized
prior to polymerization by 'H NMR and FT-IR (Supplemen-
tary characterization data (by 'H NMR and FT-IR) of prod-
uct are given in Appendix B). The sharp singlet at 1.96 ppm
in the 'H NMR corresponds to the two methyl groups o to
the bromide atom. The chemical shift of 4.34 ppm belongs
to monocarbinol-terminated PDMS-OH that has been con-
verted to bromine end-capped PDMS (PDMS-Br). The
PDMS-Br has a distinctive peak in the 'H NMR spectrum,
assigned to the dimethylsiloxane repeat units, at 0.1 ppm.
Integral ratio of the dimethylsiloxane repeat units to the
region at 4.34 ppm can be used to calculate absolute M,
value. The IR absorption at 1740 cm™! is ascribed to the
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Scheme 2. Synthetic Scheme of the PDMS-b-PHFBMA-b-PS triblock copolymers.

ester group, suggesting that the bromine end-capped
PDMS (PDMS-Br) was successfully synthesized.

3.2. Synthesis of xanthate-capped PDMS (PDMS-macro-RAFT
agent)

The RAFT polymerization is accomplished by perform-
ing a radical polymerization in the presence of certain
compounds which all act as reversible chain transfer
agents (including dithioesters, dithiocarbamates, trithio-
carbonates, and xanthates) [29-32]. Few RAFT agents are
commercially available. Accordingly, it is necessary to syn-
thesize a suitable agent before polymerization in our pres-
ent work. The attachment of a RAFT agent to a compound
via functional groups has been employed for the synthesis
of complex polymer architectures. Hydroxyl terminated
PDMS allows the coupling of a RAFT agent via ester forma-
tion on both chain ends, resulting in polymeric RAFT
agents suitable for the preparation of block copolymers.
In our present work, The PDMS-macro-RAFT agent with a
xanthate group was prepared for RAFT polymerization to
form one block of the copolymers. The structure of the
resulting macro-RAFT agent is similar to that of xanthates
with a longer chain, which can be used to mediate RAFT
polymerization. The final macro-RAFT agent was also char-
acterized by 'H NMR and FT-IR (Supplementary character-
ization data (by 'H NMR and FT-IR) of product are also
given in Appendix B). In the "H NMR spectrum, there is a
peak at 1.45 ppm and it is assigned to the methyl group

next to —OCH, group, indicating that the PDMS-macro-
RAFT agent with xanthate group has been successfully syn-
thesized. The FT-IR peaks of the —C=S and —C—S group at
1020-1065cm™' and 1000-1054cm™! are overlapped
with peaks at 1000-1100 cm~! that correspond to the
characteristic peaks of the (—Si(CHs),) group, which also
demonstrates that the macro-RAFT agent has been
achieved. The molecular weight calculated from MS agrees
with the theoretical value.

3.3. Synthesis of PDMS-b-PHFBMA diblock copolymers

Well-defined PDMS-b-PHFBMA diblock copolymers
were prepared by the RAFT polymerization. Oxygen has
significant influence on the RAFT polymerization, such as
inhibiting polymerization and terminating radicals. There-
fore, the system must be strictly deoxygenated before
polymerization. The polymerization was carried out with
the initial molar ratio of each component of [M]/[RAFT
agent]/[I] =50:1:1, giving a theoretical absolute M, of
approximately 18,590 g/mol with 100% conversion. After
the PDMS-b-PHFBMA diblock copolymers were purified,
their chemical structures were measured by '"H NMR and
FT-IR (Supplementary characterization data (by 'H NMR
and FT-IR) of product are given in Appendix B). The
PDMS-b-PHFBMA diblock copolymers have two distinct
peaks shown in the 'H NMR spectrum, with one at
434 ppm corresponding to the hydrogen in the
—OCH,(CF,),CF3 group affected by both the ester group
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and the —CF, group, and the other at 0.1 ppm representing
PDMS moiety. Integral ratios of the two regions can be
used to calculate the absolute M, values of the diblock
copolymers. The FT-IR spectrum of the PDMS-b-PHFBMA
shown in Appendix B also proves that the PDMS polymers
have distinctive peaks, centered between 1000 and
1100 cm™!, corresponding to the —Si—O group, while
peaks at 1260cm™! are attributed to the —(Si(CHs),)
group. Two peaks, centered at 1228 and 1182 cm™!, are as-
signed to the anti-symmetric and symmetric stretching
vibrations of the —CF5 group, respectively. There are two
medium bands at 563 and 726 cm™!, corresponding to a
combination of the cocking and wagging vibrations of the
—CF, group. Monomer conversion was measured by gra-
vimetry by drying the sampled PDMS-b-PHFBMA solution
to constant weight in vacuum at 50 °C. Fig. 1a shows the
kinetics plot for the polymerization of HFBMA. The linear-
ity of the plot suggests first-order kinetics. Fig. 2a shows
plot of Mn as a function of conversion for the polymeriza-
tion of HFBMA. The plot provides excellent linearity, indic-
ative of living polymerization, and the molecular weights
determined by 'H NMR are close to those predicted. The
linearity of Figs. 1a and 2a strongly implies that the poly-
merization of HFBMA proceeds in a living manner. GPC
was used to study the molecular weights and molar weight
distributions of the resulting copolymers. GPC traces of the
PDMS-macro-RAFT agent and PDMS-b-PHFBMA diblock
copolymers are displayed in Fig. 3. For the sample exam-
ined, the molecular weight is 16,620 g/mol and the poly-
dispersity (PDI) is 1.72. Generally, the chain transfer
ability of xanthates is poor, leading to the PDI range of
polymers from 1.5 to 2 [28,33-36]. We obtained the PDI
of 1.72. This point would also be discussed in the next sec-
tion. In addition, the molecular weights determined by 'H
NMR (15,910 g/mol (Appendix B) and GPC agree with the
theoretically predicted ones.

3.4. Synthesis of PDMS-b-PHFBMA-b-PS triblock copolymers

The polymerization was carried out with the initial mo-

lar ratio of each component of [M]/[RAFT agent]/
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[1]) =100:1:1, giving a theoretical absolute M,, of approxi-
mately 26,310 g/mol with 100% conversion. The final
PDMS-b-PHFBMA-b-PS block copolymers were character-
ized by TH NMR and FT-IR spectroscopy (Supplementary
characterization data (by 'H NMR and FT-IR) of product
are given in Appendix B). In the 'H NMR spectrum, the
—(Si(CH3),) repeating units of PDMS segment, the
—OCH,(CF;),CF3 group of PHFBMA block, and the —OCgHs
group of PS block, produce the three characteristic peaks,
centered at 0.1, 4.34, and 6.5-7.16 ppm, respectively. In
the FT-IR spectrum, the characteristic peaks of the PDMS
block appear between 1000 and 1100 cm™~!. The adsorption
peak at 1742 cm™! is attributed to stretching vibrations of
the C=0 group of the PHFBMA segment. The characteristic
peaks of the PS block appear at 700, 760, 1600, 3000-
3100 cm~'. Monomer conversion was measured by gra-
vimetry by drying the sampled PDMS-b-PHFBMA-b-PS
solution to constant weight in vacuum at 50 °C. Fig. 1b
shows the kinetics plot for the polymerization of St. The
linearity of the plot suggests first-order kinetics. Fig. 6b
shows plot of Mn as a function of conversion for the poly-
merization of St. The plot provides excellent linearity,
indicative of living polymerization, and the molecular
weights determined by 'H NMR are close to those pre-
dicted. The linearity of Figs. 1b and 2b strongly implies
that the polymerization of St proceeds in a living manner.
As a whole, the linearity of Figs. 1 and 2 implies that the
polymerizations of HFBMA, (and) St both proceed in living
manners. GPC was used to study the molecular weights
and molar weight distributions of the synthesized copoly-
mers. GPC traces of the PDMS-b-PHFBMA-b-PS triblock
copolymers are displayed in Fig. 3. For the sample exam-
ined, the molecular weight is 26,280 g/mol and the PDI is
1.86. As described above, generally, the chain transfer abil-
ity of xanthate is not good and this causes the PDIs of poly-
mers ranging from 1.5 to 2 [28,33-39]. Here, the obtained
PDI value is within the range in our study. One knows that
the general formula of xanthate is R—S(C=S)0Z, where R
and Z are both substitutional groups [28,33-39]. During
the polymerization, the chain transfer ability of xanthate
is influenced by R and Z. Researchers at first thought that

22

b

T T
280 300 380

B 200
Time / min

50 100

Fig. 1. First-order kinetic plot ((a) the RAFT polymerization of HFBMA, (b) the RAFT polymerization of St).
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Fig. 3. GPC traces for PDMS-b-PHFBMA-b-PS (sample: DMSgsHFB-
MA40Stgs, M, =25,280, M,,/M, =1.86) prepared from PDMS-b-PHFBMA
(sample: DMSgsHFBMA,, M, =16,620, M,/M,=1.72), PDMS-macro-
RAFT agent (M,, = 5720, My,/M,, = 1.06).

xanthate could not be used as the chain transfer reagent
for the RAFT polymerization of St due to the excessively
small chain transfer constant [28,37,38]. However, such a
chain transfer function could be achieved by changing
the structures of R and Z. One can also find that the design
technique of R and Z is based on their stability and steric-
conjugate electron-effect [28,35-39]. Namely, in this
study, the successful RAFT polymerization of HFBM and
St depends on appropriate R and Z and we made it. In
practice, the PDI data above have proved this point. The
molecular weights determined by 'H NMR (24,540 g/mol
(Appendix B)) and GPC are in agreement with the theoret-
ically predicted ones. Moreover, the important polymeriza-
tion data are shown in Tables 1 and 2.

3.5. Contact angles and surface energies of the copolymers

The contact angles and surface energies of the PDMS-
b-PHFBMA diblock copolymers and PDMS-b-PHFBMA-b-
PS triblock copolymers were investigated through WCA
measurements. The results of the WCAs and surface ener-

Table 1

The RAFT Data for the polymerization of HFBMA at 60 °C.
Samples  DMS,HFBMA, Matheo®  Manmg®  Conve PDI¢

(%)

No. 1 DMSgsHFBMAg o 8010 7850 21 1.78
No. 2 DMSgsHFBMA,73 12,560 12,520 55 1.63
No. 3 DMSgsHFBMA3s; 15,640 14,590 78 1.68
No. 4 DMSesHFBMA3; ¢ 15910 152260 80 1.76
No. 5 DMSgsHFBMA, 16,450 15910 84 1.72

Where, a represents the theoretical molecular weight; b represents the
molecular weight measured by 'H NMR; c represents the monomer
conversion data calculated by the gravimetry by drying sample to con-
stant weight in a vacuum oven at 50 °C; d. obtained from GPC.

Table 2

The RAFT Data for the polymerization of St at 60 °C.
Samples DMS,HFBMA, Mustheo>  Manmg®  Conve  PDI¢

(%)

No. 1 DMSgsHFBMA4St111 17,990 17,060 20 1.83
No. 2 DMSgsHFBMA4oStze; 19,550 19,000 35 1.69
No. 3 DMSgsHFBMA40Stsss 22,670 22,620 65 1.73
No. 4 DMSgsHFBMA4St765 24,230 23,870 80 1.76
No. 5 DMSgsHFBMA 40Sts3 24,850 24,540 86 1.86

Where, a represents the theoretical molecular weight; b represents the
molecular weight measured by 'H NMR; c represents the monomer
conversion data calculated by the gravimetry by drying to constant
weight in a vacuum oven at 50 °C; d. obtained from GPC.

gies are shown in Fig. 4. The WCAs toward the air-side sur-
face of the PDMS-b-PHFBMA and PDMS-b-PHFBMA-b-PS
films are about 107° (Fig. 4b) and 122° (Fig. 4c), respec-
tively. Surface energies of the copolymers were indirectly
obtained from WCAs. The equation of 1+ cos 0 = 2(}s/y.)"?
exp[—p(yL — s)]?, which was derived by Li and Neumann
[40,41], is applied to calculate the surface energies. Where
§ is a constant with a value of 0.0001247 (m?/m])?, deter-
mined from contact angle data for low energy solids. 7s,
7L and 0 are the surface energy of the solid, the surface
energy of the test liquid, and the WCA, respectively. There-
fore, we figure out that the surface energies of the
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PDMS-macro RAFT agent: PDMS-3-PHFEMA: PDMS-5-PHFBMA-5-PS:

B(H20)(*)=42.69

4 sbmNm-1) = 57.86 8(H20)(°)=107.18 4 sbmNm-1)=18.72 8(H20)(°*)=121.86 7 sb{raNm-1)=10.64

a b c

Fig. 4. Static WCA image ((a) PDMS-macro-RAFT agent, (b) DMSgsHFBMAy, (c) DMSgsHFBMA,40Stg3).

PDMS-b-PHFBMA diblock copolymers and PDMS-b-PHFBMA-
b-PS triblock copolymers are 18.72 and 10.64 mNm !,
respectively. Compared with the PDMS-macro-RAFT agent
(57.86 mNm~' shown in Fig. 4a), the surface energies of
the PDMS-b-PHFBMA diblock copolymers and PDMS-b-
PHFBMA-b-PS triblock copolymers are much lower. WCA
measurements show that the PDMS-b-PHFBMA-b-PS tri-

block copolymer films are hydrophobic.

3.6. Microphase-separation behavior and surface
compositions of the copolymers

Since surface microphase-separation has a great impact
on the surface energy. The morphologies of the PDMS-b-
PHFBMA-b-PS triblock copolymers were investigated with
the help of TEM and AFM measurements. In the TEM
bright-field pictures (Fig. 5) the PDMS-b-PHFBMA micro-
domains appear black, while regions correspond to the PS
block are bright. PS domains coagulate in the continuous
PDMS-b-PHFBMA matrix, and some wormlike domains of

Fig. 5. TEM micrographs of the PDMS-b-PHFBMA-b-PS triblock PS appear with a length scale of about 3 nm and a period-

copolymers.
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Fig. 6. AFM phase image and 3D image of DMSgsHFBMA,40Sts3 ((a) AFM phase image, (b) 3D image).
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Table 3
Surface compositions of fluorosilicone block copolymers measured by XPS.
Sample F C 0 Si F F/Si
(in bulk) 1s 1s 2p 1s
(%) (%) %) (%) (%)
DMSgsHFBMA 4o 334 437 215 183 165 0.90
DMSgsHFBMA40Stss 21.7 398 189 127 286 225

Fig. 6 illustrates the typical AFM images of the PDMS-
b-PHFBMA-b-PS copolymers, which are believed to be the
result of the phase separation. Furthermore, according to
the consistency between TEM and AFM, we confirm the
attribution of two-phases in the AFM image. In AFM
images the low spots appear as dark patches and the high
spots as bright areas. Hydrophobic patches appear as low
spots and less hydrophobic areas as high spots [9,42].
Therefore, the hydrophobic patches are dark in phase im-
age and the hydrophilic areas are bright in the AFM topo-
graphical image obtained under ultra-light-tapping mode
[43,44]. In Fig. 6a, dark patches are the hydrophobic
PDMS-b-PHFBMA domains, and bright phases are the
hydrophilic PS domains. The following data was obtained
from the AFM software along with NanoScope SPM Ila.
The average height of the protuberant area shown in
Fig. 6b is 9.78 nm, the size of the distribution phase area
is about 20-40 nm, and root mean square roughness in
an area of 1000 x 1000 nm? of this sample is 1.52 nm. Sur-
face microphase separation in the PDMS-b-PHFBMA-b-PS
copolymers can be obtained. Moreover, the surface micro-
phase separation in the PDMS-b-PHFBMA-b-PS copolymers
can be determined by the surface chemical composition.

Surface composition was analyzed by XPS (Supplemen-
tary XPS data of diblock and triblock copolymer samples
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are given in Appendix C). Their surface atomic contents
of C 1s, O 1s, Si 2p, and F 1s are listed in Table 3, which
shows that the atomic ratio of F/Si is 0.90, and F/C atomic
ratio is about 0.38 for the DMSgsHFBMA,, diblock copoly-
mer films and the atomic ratio of F/Si is 2.25, and F/C atom-
ic ratio is about 0.72 for the DMSgsHFBMA4oSts3 triblock
copolymer films.

4. Conclusions

PDMS-b-PHFBMA-b-PS  triblock copolymers with
well-defined structures were successfully synthesized via
two-step RAFT polymerization and the polymerization pro-
ceeded in a controlled manner in this present work. It
provides an applicable approach to prepare novel fluorosil-
icone block copolymers using a PDMS-macro-RAFT agent
with a xanthate group. The results of the WCA measure-
ments indicate that the copolymers are of low surface en-
ergy. In addition, the existence of microphase-separation
on surfaces primarily consisting of hydrophobic domain
from PDMS-b-PHFBMA segments are proved by the results
of TEM, AFM, and XPS. Moreover, the effects of morphologies
and surface compositions of the fluorosilicone copolymers
on their surface properties are also investigated. Neverthe-
less, the surface modification ability of the fluorosilicone
copolymers, in other words, the surface energies of polymer
films modified by the fluorosilicone copolymers need fur-
ther investigation.
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Appendix A. Experimental procedure for synthesizing
PDMS-macro-RAFT agent

All glass instruments and syringes were dried before
use. The reaction proceeded under nitrogen atmosphere.

All syringes were degassed three times before use. In a
100 ml round bottom flask, potassium O-ethylxanthate
(0.1040 g, 0.650 mmol) was dissolved in ethanol (20.0 ml)
and PDMS-Br (1.3571 g, 0.260 mmol) was added, and the
mixture was stirred for 12h at room temperature
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Fig. 12. XPS of DMSgsHFBMA, films ((a) broad scan of the BE spectrum, (b) high-resolution C 1s spectrum).

(Scheme 1). The precipitate was isolated by filtration and
washed three times with dichloromethane. The solvent
was evaporated to get a pale yellow liquid (yield:
1.1721 g, 80%). The obtained liquid was used as PDMS-
macro-RAFT agent for the preparation of diblock
copolymers.

Appendix B. Supplementary characterization data of
PDMS-Br, PDMS-macro-RAFT agent, and block polymers

Supplementary characterization data of PDMS-Br,
PDMS-macro-RAFT agent, and polymer samples are given
in Figs. 7-11.

Appendix C. Supplementary XPS data of block polymers

Supplementary XPS data of block polymers are given in
Figs. 12 and 13. Fig. 12a is a broad scan of the binding en-
ergy (BE) spectrum from 0 to 960 eV for DMSgsHFBMA4¢
diblock copolymer film. It includes four strong and three
weak peaks, at approximately 835, 687, 532, 285, 152,
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Binding Energy (eV)

102, and 32 eV, which result from direct photoionization
from F KLL, F 1s, O 1s, C 1s, Si 2s, Si 2p, and F 2s core levels,
respectively. The high-resolution C 1s spectrum, given in
Fig. 12b, of DMSgsHFBMA 4o diblock copolymer film, exhib-
its five peaks. The component with BE at 284.7 eV is attrib-
uted to the —C—H species. Two peaks at 288.4 and
290.0 eV are assigned to the —C—0— and —O—C=0 species
of DMSgsHFBMA,o diblock copolymer, respectively. The
component with BE at 292.2 eV is ascribed to the —CF,
group and the peak at 294.5 eV results from —CF; species.
The broad scan of the BE spectrum from 0 to 960 eV for
DMSgsHFBMA,4oStgs triblock copolymer film is shown in
Fig. 13a. There are also four strong and three weak peaks
at approximately 835, 687, 532, 285, 152, 102, and 32 eV
that result from direct photoionization from F KLL, F 1s,
0O 1s, C 1s, Si 2s, Si 2p, and F 2s core levels, respectively.
Shown in Fig. 13b is the high-resolution C 1s spectrum of
DMSgsHFBMA,4oStgs triblock copolymer film, which exhib-
its five peaks. The component with BE at 284.7 eV is attrib-
uted to the —C—H species. Two peaks at 288.2 and
289.6 eV are attributed to the C—O and —O—C=0 species
of DMSgsHFBMA4Stgs triblock copolymer, respectively.
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Fig. 13. XPS of DMSgsHFBMA,40Stg3 films ((a) broad scan of the BE spectrum, (b) high-resolution C 1s spectrum).
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The component with BE at 292.4 eV is ascribed to the —CF,
group and the peak at 294.8 eV results from —CF; species.
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