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ABSTRACT: Poly(dimethylsiloxane)(PDMS)-based tri-
block copolymers were successfully synthesized via atom
transfer radical polymerization (ATRP) initiated with bis
(bromoalkyl)-terminated PDMS macroinitiator (Br-PDMS-
Br). First, Br-PDMS-Br was prepared by reaction between
the bis(hydroxyalkyl)-terminated PDMS and 2-bromo-2-
methylpropionyl bromide. PSt-b-PDMS-b-PSt, PMMA-b-
PDMS-b-PMMA and PMA-b-PDMS-b-PMA triblock
copolymers were then synthesized via ATRP of styrene
(St), methyl methacrylate (MMA) and methyl acrylate
(MA), respectively, in the presence of Br-PDMS-Br as a
macroinitiator and CuCl/PMDETA as a catalyst system at
80 oC. Triblock copolymers were characterized by FTIR,
1H-NMR and GPC techniques. GPC results showed linear
dependence of the number-average molecular weight on

the conversion as well as the narrow polydispersity indi-
cies (PDI < 1.57) for the synthesized triblock copolymers
which was lower than that of Br-PDMS-Br macroinitiator
(PDI ¼ 1.90), indicating the living/controlled characteristic
of the reaction. Also, there was a very good agreement
between the number-average molecular weight calculated
from 1HNMR spectra and that calculated theoretically.
Results showed that resulting copolymers have two glass
transition temperatures, indicating that triblock copoly-
mers have microphase separated morphology. VC 2011 Wiley
Periodicals, Inc. J Appl Polym Sci 123: 2423–2430, 2012
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INTRODUCTION

Development of the controlled/ living radical poly-
merization (CLRP) for synthesis of the polymers
with controlled architecture, molecular weight, and
narrow polydispersity is among the most significant
accomplishments in the polymer chemistry.1-3

Among three kinds of CLRP methods, atom transfer
radical polymerization (ATRP) is one of the most
successful methods to polymerize styrenes, metha-
crylates, acrylates and a variety of other monomers
in a controlled fashion.1-3 The development of ATRP
has opened a way to a real macromolecular engi-
neering of polymeric materials4 and a new route for
the controlled synthesis of several block copoly-
mers.5,6 A wide variety of the block copolymers can
be derived from the same family of vinyl monomers
or different families of vinyl monomers via ATRP.7,8

Silicone-based copolymers have successfully been
synthesized by ATRP. In most of the cases, silicones
are used as coatings or additives because of their
unique surface properties. For instance, silicones are
used as paper release or metal protector in the case
of coating applications, or as additives in the fields
of antifoams and paints.9 Polydimethylsiloxane
(PDMS) is undoubtedly the most widely used sili-
cone, which is characterized by a unique combina-
tion of properties such as low surface tension, low
glass transition temperature, high permeability to
gas, and excellent weather resistance. Its wide range
of applications such as polyurethane foam stabiliza-
tion, release coatings, and pressure-sensitive adhe-
sives illustrates the versatility of this organo-element
polymer. However, since PDMS is a fluid at room
temperature, the homopolymer lacks dimensional
stability. To produce silicone-based materials with
more desirable mechanical properties, block, graft,
and network copolymers containing PDMS segments
have been investigated.10-13 Copolymers containing
PDMS are usually hydrophobic and exhibit proper-
ties such as gas permeability, low irritation potential,
low melting and glass-transition temperatures, very
low surface tension,14,15 and, probably most impor-
tant, nontoxic and environmentally compatible.
These copolymers can be used as surfactants,
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lubricants, water repellents, and antifoaming
agents.16-18 For example, advantage of the solubility
of PDMS in supercritical carbon dioxide (scCO2) has
been taken to use PDMS-b-polystyrene (PDMS-b-PSt)
diblock copolymer as a steric stabilizer for disper-
sion polymerization in scCO2.

19,20 Such block and
graft copolymers can be prepared using free radical
polymerization. For example, PDMS containing in-
ternal tetraphenylethylene moieties was used for the
synthesis of segmented multiblock copolymers with
various vinyl monomers.21,22 Although the use of
macroinitiators for free radical polymerization
appeared to be very promising, conventional meth-
ods introduced problems such as limited end-group
functionalization, incomplete initiation efficiency
and homopolymer formation.23,24

These problems are avoided by performing iodine
transfer polymerization (ITP) or ATRP from PDMS
macroinitiators. Diblock and triblock copolymers
containing PDMS segment have been synthesized by
ATRP of styrene and (meth)acrylates initiated with
mono- or bi-functional PDMS macroinitiators,
respectively.25-35 Hydride, chloride, aminopropyl
and vinyl-terminated PDMSs have been used as
starting materials to prepare alkyl halide-terminated
PDMS as a suitable ATRP macroinitiator.25-32 PDMS
macroinitiator has then been used in the ATRP of
monomers such as St, methyl methacrylate (MMA),
n-butyl methacrylate (BMA) and n-butyl acrylate
(BA) to prepare AB and BAB block copolymers
(PDMS is designated as the A segment) of PDMS-b-
PSt,25-27 PDMS-b-PBA,27 PMMA-b-PDMS-b-
PMMA,27-29 PSt-b-PDMS-b-PSt,26,28,30,31 PBMA-b-
PDMS-b-PBMA.32 Recently, monocarbinol (i.e. mono-
hydroxyalkyl)- terminated PDMS has been function-
alized by 2-bromo-2-methylpropionyl bromide.
Then, resulting alkyl bromide- terminated PDMS
macroinitiator has been used in the ATRP of ethyl
methacrylate (EMA),33 MMA, BMA, 2-ethylhexyl
methacrylate34 and 2,2,3,3,4,4,4-heptafluorobutyl
methacrylate35 to prepare corresponding PDMS-
based diblock copolymers.

Bis(alkyl iodide)-terminated PDMS has been syn-
thesized from Bis(hydroxyalkyl)-terminated PDMS
and then used as a macroinitiator in the ITP of St
and vinyl acetate (VAc) to prepare triblock copoly-
mers of PSt-b-PDMS-PSt and PVAc-b-PDMS-b-
PVAc.36,37 To our knowledge, there is no report on
using bis(hydroxyalkyl)-terminated PDMS as a start-
ing material to prepare bifunctional ATRP macroini-
tiator. It is expected that bis(hydroxyalkyl)-termi-
nated PDMS can readily be converted to the
bis(alkyl halide)-terminated PDMS. Also, PDMS-
based block copolymer containing poly (methyl ac-
rylate) (PMA) segment has not been reported in the
literature. It is expected that PMA-b-PDMS-PMA tri-
block copolymer can be used as a membrane for gas
separation. The aim of this work is to prepare bis(2-
bromoisobutyrate)- terminated PDMS macroinitiator
from bis(hydroxyalkyl)-terminated PDMS for the
first time and then use it as a macroinitiator in the
ATRP of St, MMA, and MA for preparing the corre-
sponding PDMS-based triblock copolymers. The syn-
thesized triblock copolymers are characterized by
FTIR, 1HNMR, DSC, and gel permeation chromatog-
raphy (GPC).

EXPERIMENTAL SECTION

Materials

Bis(hydroxyalkyl)-terminated PDMS (HO-PDMS-
OH) with average molecular weight of 5600 g mol�1

(a value reported by manufacturer) was obtained
from Aldrich and used without further purification.
According to its molecular weight and data reported
in the literature,38,39 microstructure of HO-PDMS-
OH can be shown as HO-R-PDMS70-R-OH (see
Scheme 1 with n � 70). 2-bromo-2-methylpropionyl
bromide (Aldrich, 98%), triethylamine (TEA) (Sigma-
Aldrich, = 99.5%), anhydrous tetrahydrofuran (THF)
(Sigma-Aldrich, = 99.9%, inhibitor-free), dichlorome-
thane (Sigma-Aldrich, = 98%), anhydrous toluene
(Sigma-Aldrich, 99.8%), anhydrous magnesium

Scheme 1 Reaction scheme for synthesis of bis(2-bromoisobutyrate)-terminated PDMS macroinitiator from bis(hydrox-
yalkyl)-terminated PDMS.
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sulfate (Sigma-Aldrich, = 99.5) and sodium bicarbon-
ate (Fluka, = 99%) were used as received. St (Merck,
> 99%), MMA (Merck, > 99%) and MA (Merck,
99%) were distilled over calcium hydride under
reduced pressure before use. CuCl (Merck, 97%) was
washed by glacial acetic acid (three times), absolute
ethanol and diethyl ether in turn and then dried
under vacuum. N,N,N’,N’’,N’’-pentamethyldiethyle-
netriamine (PMDETA) (Merck, 99.8%) was used as
received.

Preparation of PDMS macroinitiator (Br-PDM-Br)

First, a solution of HO-PDMS-OH (24.64 g, 4.4
mmol) in the anhydrous THF (800 ml) was prepared
and placed in the three-neck round-bottomed flask.
Triethylamine (6.18 ml, 44.4 mmol) was added to the
solution followed by slowly adding of 2-bromo-2-
methylpropionyl bromide (2.74 ml, 22.2 mmol) at
0
�
C with stirring. The solution was left overnight at

room temperature (Scheme 1). The triethylammo-
nium bromide salt was removed by filtration of
solution and the solvent was then removed under
vacuum. The resulting oil (yellow in color) was
redissolved in dichloromethane (800 mL) and
washed two times with saturated sodium bicarbon-
ate solution (400 mL). The organic layer was iso-
lated, dried over anhydrous magnesium sulfate and
filtered. Then, the final product was obtained as oil
after removing volatiles under vacuum (yield ¼ 87
wt %).29,33

ATRP of St, MMA, and MA with Br-PDMS-Br
macroinitiator

The PDMS-based triblock copolymers were synthe-
sized by copper (I)-mediated ATRP of St, MMA, and
MA initiated by the Br-PDMS-Br macroinitiator
according to the following typical procedure.

A required amount of CuCl (0.70 mmol, 0.069 g)
was introduced into the three-neck round-bottomed
flask equipped with a magnetic stirrer. The flask
was sealed with a rubber septum and was cycled
between vacuum and nitrogen three times. Mixtures
containing required amounts of monomer (70 mmol,
i.e. 7.290 g, 7.008 g, or 6.026 g from St, MMA or MA
respectively), Br-PDMS-Br macroinitiator (0.35
mmol, 2.012 g) and PMDETA ligand (1.40 mmol,
0.243 g) were degassed by purging nitrogen for 30
min and then added to the flask. The molar ratio of
reaction ingredients [Monomer]0/ [PMDETA]0/
[CuCl]0/ [Br-PDMS-Br]0 was kept constant for all
experiments (200/4/2/1). It should be noted that in
the case of MMA polymerization, degassed toluene
(10 mL) was also added as a solvent to the reaction
mixture. The ‘‘freeze- pump-thaw’’ cycle was carried
out three times to remove oxygen from the flask

containing reaction mixture. Flask was sealed under
vacuum and then immersed in a preheated oil bath
at a desired temperature (i.e., 80 6 0.1

�
C). Depend-

ing on the monomer used, reaction mixture was
removed at the given reaction time from the oil bath
and diluted with THF, filtered, and dried under vac-
uum to a constant weight. The dried copolymer was
redissolved in THF and passed through a short col-
umn of neutral alumina to remove the remaining
copper catalyst. The samples were then dried under
vacuum at 50

�
C up to a constant weight and used in

FTIR, 1HNMR, DSC, and GPC analyses. Conversion
of the monomers St, MMA, and MA was determined
gravimetrically to be 53.1, 85.0, and 32.9%,
respectively.

Characterization

Mass conversion of monomers (X) was calculated
gravimetrically. PDMS-based triblock copolymers
were dissolved in CDCl3 and characterized by 400
MHz 1HNMR spectroscopy (DRX 400 Bruker
Avance) at ambient temperature. Polymer concentra-
tion in the CDCl3 solution was about 2 w/v %. Fou-
rier transform infrared (FTIR) spectrum of the HO-
PDMS-OH (liquid), Br-PDMS-Br (liquid) and tri-
blocks (solids) was recorded on an EQUINOX 55
Bruker FTIR Spectrophotometer. Apparent (i.e., poly-
styrene-equivalent) molecular weight and polydis-
persity of the terpolymers dissolved in THF was
determined by a Waters 150C gel permeation chro-
matography (GPC) equipped with a 104, 103, and 500
Ao set of Ultrastyragel columns and a refractive
index (RI) detector. Polystyrene standards with the
narrow molecular weight distributions and molecu-
lar weights in the range of analyzed molecular
weights were used to calibrate the columns. THF
was used as an eluent with the flow rate of 1 mL/
min at 35

�
C. Differential scanning calorimetry (DSC)

measurements were performed by a Netzsch DSC
200 apparatus at two temperature variation rates of
20

�
C/min for the heating and cooling runs and

10
�
C/min for the final reheating run.

RESULTS AND DISCUSSION

Synthesis of the Br-PDMS-Br macroinitiator

PDMS-based triblock copolymers can be prepared
from commercially available PDMS materials with
appropriate functionality at one or two ends. It is
then possible to transform the end group(s) into
active polymerization (macro)initiators. For example,
hydride, chloride, aminopropyl, monocarbinol (i.e.,
monohydroxyalkyl) and vinyl-terminated PDMSs
have been used as starting materials to prepare alkyl
halide-terminated PDMS as a suitable ATRP
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macroinitiator.25-35 To our knowledge, there is no
report on using bis(hydroxyalkyl)-terminated PDMS
as a starting material to prepare bifunctional ATRP
macroinitiator. In the present work, we used bis(hy-
droxyalkyl)-terminated PDMS as the starting mate-
rial to synthesize bromoalkyl- terminated PDMS (Br-
PDMS-Br) as macroinitiator for the ATRP of St,
MMA or MA. The reaction was proceed in a high
yield (88 wt %).

FTIR and 1H-NMR spectra of HO-PDMS-OH and
Br-PDMS-Br macroinitiator have been shown in Fig-
ures 1 and 2, respectively. FTIR spectra of both com-
pounds show presence of the ‘‘C-Si-C’’ absorption
band at about 800 cm�1, the ‘‘Si-O-Si’’ absorption
band at about 1020 cm�1 and the ‘‘CH3’’ absorption
band at about 1260 cm�1 as characteristics of the
PDMS segment. Additional absorption band
appeared at about 1740 cm�1 [Fig. 1(b)] was assigned
to the carbonyl (C¼¼O) absorption bond, indicating
that the bromoalkyl-terminated PDMS has success-
fully been synthesized by the reaction between bis(hy-
droxyalkyl)-terminated PDMS and 2-bromo-2-meth-
ylpropionyl bromide. All 1HNMR signals were
assigned to the corresponding protons (Fig. 2). Quan-
titative shift of the signal at about 3.7 ppm (assigned
to the -CH2-OH methylene protons) in favor of a new
signal appeared at about 4.3 ppm (assigned to the -
CH2-O-CO- methylene protons) and appearance of

sharp signal at about 1.9 ppm (assigned to the
AC(Br)(CH3)2 methyl protons) was observed in the
1H-NMR spectrum of Br-PDMS-Br macroinitiator
[Fig. 1(b)] in comparison to that of HO-PDMS-OH
[Fig. 1(a)], further confirming the quantitative reac-
tion of the hydroxyl end groups of HO-PDMS-OH
with 2-bromo-2-methylpropionyl bromide.
Number-average molecular weight of both HO-

PDMS-OH and Br-PDMS-Br can be calculated from
corresponding 1H-NMR spectra [Fig. 2(a,b), respec-
tively] via the following equations:

Mn;HO�PDMS�OH ¼ ½Ia=6�
½Ib=4� � 74:10

� �
þ ð2� 103:05Þ

(1)

Mn;Br�PDMS�Br ¼ ½Ia=6�
½Ib=4� � 74:10

� �
þ ð2� 251:99Þ (2)

where Ia and Ib indicate signal intensities of
ASi(CH3)2A methyl (present in the PDMS backbone)
and -CH2-Si- methylene (present in the hydroxyalkyl
end group) protons respectively. Values of 74.10,
103.05, and 252.99 indicate molecular weight of -
Si(CH3)2-O- repeating unit, hydroxyalkyl end group
in the HO-PDMS-OH and bromoalkyl end group in
the Br-PDMS-Br (Scheme 1). It should be noted that
[Ia/6]/[Ib/4] in the above equations indicates indeed

Figure 1 FTIR spectra of HO-PDMS-OH (a), Br-PDMS-Br macroinitiator (b), PSt-b-PDMS-b-PSt (c), and PMMA-b-PDMS-
b-PMMA (d) triblocks.
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number of the ASi(CH3)2AOA repeating units. Cal-
culation results have been given in Table I.

Molecular weight and its distribution (i.e., polydis-
persity index, PDI) of the HO-PDMS-OH and Br-
PDMS-Br macroinitiator were analyzed by GPC (Table
I). There is a good agreement between the molecular
weight obtained by GPC and 1HNMR analyses which
in turn are also in good agreement with the molecular
weight reported by manufacturer (Table I).

Synthesis of the PDMS-based triblock
copolymers

As already mentioned, bromoalkyl-terminated
PDMS seems to be as a highly efficient ATRP macro-
initiator for synthesizing the PDMS-based block
copolymers via ATRP of various monomers such as
styrenes and (meth)acrylates. Reaction scheme for
the various PDMS-based triblock copolymers synthe-
sized in the present study via the ATRP reaction in
the presence of Br-PDMS-Br macroinitiator has been
shown in Scheme 2. Chemical structure analysis (see
the following section) revealed that well-defined
PSt-b-PDMS-b-PSt, PMMA-b-PDMS-b-PMMA, and
PMA-b-PDMS-b-PMA triblock copolymers are syn-
thesized by the ATRP of St, MMA, or MA initiated
with Br-PDMS-Br macroinitiator in the presence of
CuCl/PMDETA catalyst system at 80

�
C.

Chemical structure of the triblock copolymers was
analyzed by FTIR (Fig. 1) and 1HNMR (Fig. 3). It should
be noted that FTIR spectrum of the PMA-b-PDMS-b-
PMA has been omitted in the text due to its similarity
with that of the PMMA-b-PDMS-b-PMMA. Figure 1(c,d)
reveals that the block copolymers consist of PDMS seg-
ment located at the center and PSt and PMMA, respec-
tively, segments located at the end sides of the triblock
copolymers. The characteristic PDMS absorption bands
of ‘‘Si-O-Si’’ at about 1020 cm�1, ‘‘CH3’’ at about 1260
cm�1 and ‘‘C-Si-C’’ at about 800 cm�1 are still present in
the Figure 1(c,d). Moreover, the characteristic PSt
absorption bands appeared at 696, 758, 2924, 3028, and
3062 cm�1 [Fig. 1(c)] and the characteristic PMMA
absorption bands appeared at 1740 and 1178 cm�1 (ester
group characteristic), indicating the successfully synthe-
sis of PDMS-based triblock copolymers.

1HNMR spectra of the Br-PDMS-Br macroinitiator
and the final triblock copolymers have been shown in
Figures 2 and 3, respectively. All signals appeared in

Figure 2 1HNMR spectra of HO-PDMS-OH (top) and Br-
PDMS-Br macroinitiator (bottom) in the CDCl3 solvent.

TABLE I
Summary of the Results Obtained from GPC and 1HNMR Analyses for HO-PDMS-OH,

Br-PDMS-Br Macroinitiator, PSt-b-PDMS-b-PSt, PMMA-b-PDMS-b-PMMA,
and PMA-b-PDMS-b-PMA Triblock

Sample X (%)a
Mn;theor:

(g mol�1)
Mn;NMR

(g mol�1)
Mn;GPC

b

(g mol�1) PDI

HO-PDMS-OH – 5,600c 5,258 5,135 1.79
Br-PDMS-Br – 5,898d 5,469 5,216 1.90
PSt-b-PDMS-b-PSt 53.1 16,530 16,396 19,511 1.57
PMMA-b-PDMS-b-PMMA 85.0 22,489 22,104 30,319 1.44
PMA-b-PDMS-b-PMA 32.9 11,134 11,358 16,538 1.48

a Final conversion measured by gravimetric method.
b Mn;theor ¼

P½ð ½M�0
½Br�PDMS�Br�0Þ � X �Mn;M � þMn;Br�PDMS�Br in which [M]0, X, and Mn,M are the

molar concentration, conversion and molecular weight of monomer (St, MMA or MA)
respectively and Mn;Br�PDMS�Br ¼ 5469 g mol�1.

c Mn value reported by manufacturer.
d This value was calculated via Mn;Br�PDMS�Br ¼ Mn;HO�PDMS�OH þ ð2� 148:94Þ [see also eqs.

(1) and (2)].
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the 1HNMR spectra were assigned to the correspond-
ing monomers. It is clear from Figure 3 that triblock
copolymers have successfully been synthesized. The
characteristic PDMS signal of CH3-Si methyl protons at
about 0.0–0.2 ppm was still present in all the spectra
[Figs. 3(a-c)]. Additional broad signals at about 6.6–7.1
ppm and 1.2–2.3 ppm were observed in Figure 3(a),
which were assigned to the phenyl ring protons and ali-
phatic protons, respectively, of the PSt segment. Addi-
tional signals were also observed in the 1HNMR spectra
of two other triblock copolymers [see Figs. 3(b,c) and
compare them with 1HNMR spectrum of Br-PDMS-Br
in Fig. 2], which were assigned to the corresponding
protons of monomers (MMA and MA, respectively)
incorporated into the triblock copolymer chain. There-
fore, it is possible to synthesize the PDMS-based tri-
block copolymers via ATRP of monomers such as
styrenes and (meth)acrylates in the presence of bis(ha-
loalkyl)-terminated PDMS macroinitiator.

Number-average molecular weight of the triblock
copolymers can be calculated from corresponding
1HNMR spectra [Fig. 3(a-c)] via the following equations:

Mn;PSt�b�PDMS�b�PSt ¼ ½Ieþd=5�
½Ia=6� � 67� 104:15

� �

þMn;Br�PDMS�Br (3)

Mn;PMMA�b�PDMS�b�PMMA ¼ ½Id=3�
½Ia=6� � 67� 100:12

� �

þMn;Br�PDMS�Br

(4)

Mn;PMA�b�PDMS�b�PMA ¼ ½Id=3�
½Ia=6� � 67� 86:09

� �

þMn;Br�PDMS�Br (5)

in which Ia, Ieþd, and Id indicate signal intensities of
ASi(CH3)2 methyl (from PDMS), phenyl ring (from

PSt) and AOCH3 methoxy (from PMMA or PMA)
protons, respectively. Value of 67 indicates number
of the ASi(CH3)2AOA repeating units in the Br-
PDMS-Br macroinitiator, which has been calculated
from the corresponding 1HNMR spectrum (Fig. 2)
via eq. (2). Values of 104.15, 100.12 and 86.09 indi-
cate molecular weight of monomers St, MMA, and
MA respectively. Number-average molecular weight
of Br-PDMS-Br obtained from 1HNMR (5469 g
mol�1, Table I) was used in the eqs. (3)-(5). Sum-
mary of calculation results has been given in Table I.
There is a very good agreement between the num-
ber-average molecular weight calculated from
1HNMR spectra and that calculated theoretically,
indicating the living/controlled characteristic of the
reaction.
Molecular weight and its distribution (i.e., PDI) of

the triblock copolymers were measured by GPC (Ta-
ble I and Fig. 4). It is clear from Table I and Figure 4
that number average molecular weights of the tri-
block copolymers measured by GPC analysis are
higher than that measured by 1HNMR. However,
this difference is not significant in the case of PSt-b-
PDMS-b-PSt triblock copolymer. This can be
explained by considering this fact that the GPC
method provides only polystyrene-equivalent molec-
ular weights due to its inability to distinguish the
different nature of the incorporated monomers.
GPC results showed the narrow polydispersity

indicies (PDI < 1.57) for the synthesized triblock
copolymers at the final conversion which is lower
than that of initial macroinitiator (PDI ¼ 1.90) (Table
I), indicating the living/controlled characteristic of
the reaction. Although experimental number-average
molecular weight (Mn,GPC) is relatively greater than
theoretical one (Table I); however, dependence of
Mn,GPC on the monomer conversion is linear and

Scheme 2 Reaction scheme for synthesis of the PDMS-based triblock copolymers
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PDI of terpolymers decrease by increasing conver-
sion (Fig. 5), indicating that ATRP of St, MMA, and
MA in the presence of Br-PDMS-Br as macroinitiator
proceeds according to the controlled/living charac-
teristic with the well-controlled compositions and
molecular weights as well as the narrow polydisper-
sity indicies.

DSC thermograms of PDMS homopolymer and
PDMS-based triblock copolymers in the temperature

range from �100
�
C to þ150

�
C are shown in Figure 6.

Glass transition temperature (Tg) of PDMS cannot be
observed in the Figure 5, because its value has been
reported to be about �120

�
C.28,32,33 PMMA, PSt, and

PMA segments in the corresponding triblock copoly-
mers exhibited Tg values of 89, 83, and 5

�
C, respec-

tively (Fig. 6, indicating that Tg values of PMMA,
PSt, and PMA segments are lowered somewhat by
the presence of flexible PDMS segment in the center
of the terpolymers.28,40 These results show character-
istic of the microphase separated morphology of the
triblock copolymers.28,33 On the basis of DSC results,
one can conclude that PDMS-based triblock copoly-
mers have successfully been synthesized.

CONCLUSION

Poly(dimethylsiloxane)(PDMS)-based triblock copoly-
mers were successfully synthesized via ATRP of St,

Figure 3 1HNMR spectra of PSt-b-PDMS-b-PSt (a),
PMMA-b-PDMS-b-PMMA (b) and PMA-b-PDMS-b-PMA
(c) triblocks in the CDCl3 solvent.

Figure 4 GPC chromatograms of the Br-PDMS-Br macroi-
nitiator (a) and PSt-PDMS-b-PSt triblock copolymer (b).

Figure 5 Dependence of experimental number-average
molecular weight (Mn,GPC) and polydispersity index (PDI)
of the molecular weight on the monomer conversion for
ATRP of the St, MMA, and MA in the presence of Br-PDMS-
Br macroinitiator. [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]
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MMA, or MA initiated with bis(bromoalkyl)-termi-
nated PDMS macroinitiator (Br-PDMS-Br) in the pres-
ence of CuCl/PMDETA as a catalyst system at 80

�
C.

FTIR, 1HNMR and GPC techniques were used to ana-
lyze chemical structure of the triblock copolymers.
There was a very good agreement between the num-
ber-average molecular weight calculated from
1HNMR spectra and that calculated theoretically.
Also, GPC results showed the narrow polydispersity
indicies (PDI < 1.57) for the synthesized triblock
copolymers which was lower than that of initial mac-
roinitiator (PDI ¼ 1.90), indicating the living/con-
trolled characteristic of the reaction. The results
showed that ATRP of St, MMA, and MA in the pres-
ence of Br-PDMS-Br as macroinitiator proceeds with
the well-controlled compositions and molecular
weights as well as the narrow polydispersity indicies.
DSC results showed that the PDMS-based triblock
copolymers exhibit two glass transition temperatures,
one corresponding to the Tg of PDMS segment and
other corresponding to the Tg of PMMA, PMA or PSt
segments, indicating characteristic of the microphase
separated morphology of the triblock copolymers.
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Figure 6 DSC thermograms of PDMS homopolymer and
PDMS-based triblock copolymers in the temperature range
from �100

�
C to þ150

�
C with heating rate of 10

�
C/min.
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