
Preparation of Amphiphilic Ternary Block Copolymers
with PEO as the Middle Block and the Effect
of PEO Position on the Glass Transition
Temperature (Tg) of Copolymers

YI ZHANG, MUGANG PAN, CHAO LIU, JUNLIAN HUANG

Key Laboratory of Molecular Engineering of Polymers, Department of Macromolecular Science,
Fudan University, Shanghai 200433, China

Received 5 November 2007; accepted 18 December 2007
DOI: 10.1002/pola.22592
Published online in Wiley InterScience (www.interscience.wiley.com).

ABSTRACT: The copolymer of polystyrene-block-poly(ethylene oxide)-block-poly (tert-
butyl acrylate) (PS-b-PEO-b-PtBA) was prepared, the synthesis process involved ring-
opening polymerization (ROP), nitroxide-mediated polymerization (NMP), and atom
transfer radical polymerization (ATRP), and 4-hydroxyl-2,2,6,6-tetramethylpiperi-
dinyl-1-oxy (HTEMPO) was used as parent compound. The PEO precursors with a-
hydroxyl-x-2,2,6,6-tetramethylpiperidinyl-1-oxy end groups(TEMPO-PEO-OH) were
first obtained by ROP of EO using HTEMPO and diphenylmethylpotassium (DPMK)
as the coinitiator. The TEMPO at one end of PEO chain mediated the polymerization
of St using benzoyl peroxide as initiator. The resultant PS-b-PEO-OH reacted further
with 2-bromoisobutyryl bromide and then initiated the polymerization of tBA in the
presence of CuBr and PMDETA by ATRP. The ternary block copolymers PS-b-PEO-b-
PtBA and intermediates were characterized by gel permeation chromatography, Fou-
rier transform infrared, and nuclear magnetic resonance spectroscopy in detail. Dif-
ferential scanning calorimetry measurements confirmed that the PS-b-PEO-b-PtBA
with PEO as middle block can weaken the interaction between PS and PtBA blocks,
the glass transition temperature (Tg) for two blocks were approximate to their corre-
sponding homopolymers comparing with the PEO-b-PS-b-PtBA with PEO as the first
block. VVC 2008 Wiley Periodicals, Inc. J Polym Sci Part A: Polym Chem 46: 2624–2631, 2008
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INTRODUCTION

In the past decades, several controlled polymeriza-
tion methods including reverse addition-fragmen-
tation chain transfer (RAFT) polymerization,1

nitroxide-mediated polymerization (NMP),2 and

atom transfer radical polymerization (ATRP)3

have been developed, which provide some con-
venient routes for polymer scientists to synthe-
size copolymers with well-defined structures,
such as block,4 graft,5 star-shaped,6 hyper-
branched,7 and macrocyclic8 copolymers.

Among the copolymers with complicated
structures, ternary block copolymers occupied
an important position, because their special
properties resulted from more independent pa-
rameters influencing the phase behavior9 and

Correspondence to: J. Huang (E-mail: jlhuang@fudan.edu.
cn)

Journal of Polymer Science: Part A: Polymer Chemistry, Vol. 46, 2624–2631 (2008)
VVC 2008 Wiley Periodicals, Inc.

2624



morphologies, so that the special attention is
paid on them because of their potential app-
lications in many fields, such as self-assembly,10

biomaterials,11 compatibilizers for polymer
blends,12 and so on.

As it is well known, poly(ethylene oxide)
(PEO) is one of the most widely used segment in
the preparation of ABC amphiphilic triblock
copolymers,13–17 since it shows some outstand-
ing properties as biocompatibility, crystallizabil-
ity, and well dissolubility in water and most or-
ganic solvents. Traditionally, most of ternary
block copolymers containing the PEO segment
were synthesized by a sequential two-step
approach involved in two polymerization meth-
ods, such as sequential two steps anionic poly-
merization and ATRP,18 anionic polymerization
and sequential two steps ATRP,19 and ani-
onic polymerization and sequential two steps
RAFT.20 Furthermore, in the most part of the
existing linear ABC triblock copolymers,21,22 the
PEO segment was always located in the end
block, and only a few articles reported the syn-
thesis of ternary block copolymers with PEO as
the middle block,23–25 but in these cases at least
two sequential anionic polymerizations were
demanded, so only limited monomers could be
used. In the sequential anionic polymerization
of a set of monomers (A, B, C) it should meet
the order of the pKa (A) > pKa (B) > pKa (C),24

(pKa is the corresponding conjugate acids of the
monomers), but there were few examples which
satisfied this condition. In the preparation of
ABC triblock copolymers, it was found that the
variation of arrangement sequence of ABC tri-
block copolymers may exert the influence on the
physicochemical properties and self-assembly
morphologies, so it aroused our interests to
explore the causes.

In this article, by means of small molecule
4-hydroxyl-2,2,6,6-tetramethylpiperidinyl-1-oxy
(HTEMPO), the TEMPO-PEO-OH with different
functional end groups was synthesized first, and
then it was used as precursors to prepare ter-
nary block copolymers with PEO as the middle
block. Our work provided a facile route to pre-
pare the ABC triblock copolymers with PEO as
middle block. Preliminary investigation con-
firmed that PS-b-PEO-b-PtBA with PEO as mid-
dle block could weaken the interaction between
PS and PtBA blocks, the Tg for them were ap-
proximate to the corresponding homopolymers
comparing with the PEO-b-PS-b-PtBA with PEO
as the first block.

EXPERIMENTAL

Materials

HTEMPO was synthesized according to the lit-
erature,26 and the purity was 98.7% determined
by gas chromatographic-mass spectrometric
(GC-MS) analysis. Ethylene oxide (EO) was pur-
chased from Sinopharm Chemical Reagent
(SCR), dried by calcium hydride for 1 week and
then distilled, stored at �20 8C before use. Ben-
zoyl peroxide (BPO; SCR) was recrystallized
from ethanol. Tetrahydrofuran (THF, SCR, 99%)
and pyridine (SCR, 99.5%) were refluxed over
sodium wire and distilled. Dimethyl sulfoxide
(DMSO, SCR, 98%), N,N-dimethyllformamide
(DMF, SCR, 98%), and tert-butyl acrylate (tBA,
Aldrich, 98%) were dried over CaH2 and dis-
tilled under reduced pressure. Styrene (St, SCR,
>99.5%) was washed with 10% NaOH aqueous
solution and water successively, then dried over
anhydrous MgSO4, further dried over CaH2 and
distilled under reduced pressure. CuBr (98%,
Acros) was purified by stirring overnight in ace-
tic acid and filtered, then washed with ethanol
and diethyl ether successively, and finally dried
under vacuum. 2-Bromoisobutyryl bromide
(98%) and N,N0,N0,N@,N@-pentamethyldiethylene-
triamine (PMDETA, 99%) were purchased from
Aldrich and used as received. Other reagents
(SCR) were purified by common procedures.
Diphenylmethyl potassium (DPMK) was pre-
pared as in the literature,27 and the concentra-
tion was 0.65 M.

Measurement

The number average molecular weight (Mn) and
polydispersity index (Mw/Mn) of polymers were
measured by gel permeation chromatography
(GPC). For the TEMPO-PEO, GPC was per-
formed in 0.1 M NaNO3 aqueous solution at
40 8C with an elution rate of 0.5 mL/min on an
Agilent 1100 assembled by a G1310A pump, a
G1362A refractive index detector, and a G1315A
diode-array detector, and PEO standard were
used for calibration. GPC traces of the other
copolymers were performed in tetrahydrofuran
(THF) at 35 8C with an elution rate of 1.0 mL/
min on an Agilent 1100 assembled by a G1310A
pump, a G1362A refractive index detector, and a
G1314A variable wavelength detector, and poly-
styrene standards were used for calibration. Gas
chromatographic-mass spectrometric (GC/MS)
analysis for HTEMPO was carried out by using
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a Finnigan Voyager system with mass selective
detection operating in electronic ionization (EI).
A silica capillary column was 30 m 3 0.25 mm
(I.D.) with 0.25-lm film thickness (DB-5 Restek).
The GC/MS parameters were as follows: ion
source temperature 200 8C, carrier gas helium,
column flow 1 mL/min; temperature program
from 100 to 200 8C at 15 8C/min, splitless injec-
tion at 250 8C; ionization was achieved at 70 eV.
1H NMR spectra were obtained by a DMX
500 MHz spectrometer using tetramethylsilane
(TMS) as the internal standard and CDCl3,
CD3OD as the solvent. Fourier transform infra-
red (FTIR) spectra were recorded on Magna 550
FTIR instrument, the polymer samples were dis-
solved in dry dichloromethane or methanol and
then cast film onto a NaCl tablet. The differen-
tial scanning calorimetry (DSC) analysis was
carried out with a PerkinElmer Pyris 1 DSC
instrument under a nitrogen flow (10 mL/min),
all the samples were first heated from �70 to
140 8C at 10 8C/min, then cooled to �70 8C at
10 8C /min, and scanned two times to erase the
thermal history. An ultrafiltration separator was
purchased from the Shanghai Institute of Nu-
clear Research (Chinese Academy of Sciences),
the cutoff molecular weight of the poly(ether sul-
fone) film was 50,000 (calibrated with a global
protein).

Synthesis of Prepolymers TEMPO-PEO-OH

In a reaction kettle, 1.52 g HTEMPO (8.8 mmol)
dried by azeotropic distillation with dry toluene
was dissolved in 40 mL THF and 40 mL DMSO
under dry nitrogen atmosphere, and the
required amount of DPMK solution was added.
Afterward, 40 mL EO (35.2 g, 0.8 mol) was
introduced, and the vessel was heated to 60 8C
under stirring for 72 h. The reaction was termi-
nated by addition of a few drops of acidified
methanol. The crude product was purified by
dissolution/precipitation thrice with chloroform/
ethyl ether, and the pink powder was obtained.

1H NMR (CD3OD, in the presence of calcu-
lated amount of ammonium formate and palla-
dium-on-carbon, d, ppm): 1.15–1.18 (s, 12H,
��CH3 of TEMPO group), 1.45 and 1.95 (d, 4H,
��CH2�� of TEMPO group), 3.36–3.75(m, 4H,
��CH2CH2O�� of PEO chain).

Synthesis of Diblock Copolymers PS-b-PEO-OH

An ampoule containing solution of styrene (14 mL,
0.10 mol), refined DMF 10 mL, BPO (0.186 g,

0.77 mmol), and TEMPO-PEO (A) (3 g, 1 mmol,
containing 1 mmol TEMPO groups) was de-
gassed by three freeze-pump-thaw cycles and
sealed. The vessel was immersed in preheated
oil bath at 90 8C for 3 h and then heated to
120 8C under nitrogen atmosphere. After a given
time interval, the resulting polymer was precipi-
tated in cold petroleum ether (30–60 8C), filtered
and dried under vacuum.

1H NMR (CDCl3, d, ppm): 0.80–2.20 (m,
��CH3, ��CH2�� of TEMPO group and ��CH2

CH�� of PS main chain), 3.36–3.80 (m, ��CH2

CH2O�� of PEO), 6.30–7.20 (m, the phenyl of PS
main chain), 7.40, 7.50, 7.90 (the residual phe-
nyl group of the initiator BPO).

Synthesis of Macroinitiator PS-b-PEO-Br

The diblock copolymers PS-b-PEO (A) 12 g (0.8
mmol) dried by azeotropic distillation with dry
toluene was dissolved in 60 mL of anhydrous
pyridine, 1 mL (8 mmol) of 2-bromoisobutyryl
bromide was added dropwise at 0 8C. The mix-
ture was stirred for 3 h at 0 8C, followed by stir-
ring at room temperature for 24 h. Pyridine was
removed by azeotropic distillation with dry tolu-
ene. The crude product dissolved in ethanol was
purified by an ultrafiltration membrane to
remove low-molecular weight impurities. Then
ethanol was removed from the product by distil-
lation, the reddish remains of PS-b-PEO-Br
were dried in vacuum at 50 8C.

1H NMR (CDCl3, d, ppm): 0.80–2.20 (m,
��CH3, ��CH2�� of TEMPO group and
��CH2CH�� of PS main chain), 1.94 (s, Br��
C(CH3)2��COO��CH2��), 3.36–3.80(m, ��CH2

CH2O�� of PEO), 4.33 (m, Br��C(CH3)2��
COO��CH2��), 6.30–7.20 (m, the phenyl of PS
main chain), 7.40, 7.50, 7.90 (the residual phe-
nyl group of the initiator BPO).

Synthesis of Ternary Block Copolymers
PS-b-PEO-b-PtBA

In a typical ATRP process, 3 g (0.2 mmol) mac-
roinitiator PS-b-PEO-Br (A) was dissolved in
10-mL anhydrous toluene in a 100-mL ampoule.
Then 5-mL of tBA, 28.8 mg (0.2 mmol) of CuBr,
and 0.04 mL (0.2 mmol) of PMDETA were added
into the solution. The system was degassed by
three freeze-pump-thaw cycles, and then the
ampoule was sealed and immersed in an oil
bath at 80 8C. After a certain time interval, the
ampoule was dipped into liquid nitrogen to stop
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the polymerization. The solution was diluted
with THF and passed through the neutral alu-
mina column to remove the copper salt. The
products were purified by dissolution/precipita-
tion twice with THF/petroleum ether and dried
at 50 8C in vacuum for 24 h.

1H NMR(CDCl3, d, ppm): 0.80–2.20 (m,
��CH3, ��CH2�� of TEMPO group, ��CH2CH��
and (CH3)3COOC�� of tBA and ��CH2CH�� of
PS main chain), 1.94 (s, Br��C(CH3)2��
COO��CH2��), 2.22 (s, 1H, ��CH2CH�� of
PtBA), 3.36–3.80 (m, ��CH2CH2O�� of PEO),
4.33 (m, Br��C(CH3)2��COO��CH2��), 6.30–
7.20 (m, the phenyl of PS main chain), 7.40,
7.50, 7.90 (the residual phenyl group of the ini-
tiator BPO).

Synthesis of Ternary Block Copolymers
PEO-b-PS-b-PtBA

The used PEO-b-PS-b-PtBA sample was pre-
pared by combination of ‘‘Click Chemistry’’ with
atom transfer nitroxide radical chemistry, and
the molecular weight for each block is PEO3100-
b-PS7300-b-PtBA5300.

28

RESULTS AND DISCUSSION

In this presentation, a stable nitroxide radical
TEMPO group was introduced to one end of
PEO chain which was performed by anionic

polymerization using HTEMPO as parent com-
pound, the resultant TEMPO-PEO-OH prepoly-
mer served as macromolecular initiator to medi-
ate the polymerization of St by NMP and the po-
lymerization of tBA by ATRP. The whole process
is outlined in Scheme 1.

Synthesis of Prepolymers TEMPO-PEO-OH

To achieve the PEO with TEMPO and hydroxyl
groups at both ends, a small molecule HTEMPO
mixed with DPMK was used as coinitiator to po-
lymerize the EO through ROP. Two approaches
had been tried to perform this polymerization.
First, the TEMPO�Naþ was prepared by the
reaction of HTEMPO with metal sodium under
nitrogen atmosphere,29,30 but the reaction effi-
ciency was low. To overcome this disadvantage,
DPMK was used as an activating agent to par-
tially transform the hydroxyl group of HTEMPO
into an alcoholate to initiate the ROP of EO,31

and a mixed solvent of DMSO/THF (v/v: 1:1)
was used to substitute the pure THF for increas-
ing the solubility of alcoholates. Figure 1 shows
the GPC traces of TEMPO-PEO prepared by
HTEMPO and DPMK system, the resulting pol-
ymers showed a unimodal trace with a narrow
polydispersity index of less than 1.15, and all
the polymerization data are listed in Table 1.
Figure 2(A) shows a typical 1H NMR spectrum
of prepolymer TEMPO-PEO, which was mea-
sured in the presence of calculated amount of
ammonium formate and palladium-on-carbon
because of the paramagnetism of nitroxide radi-
cals. The resonances for the methylene protons

Scheme 1. The synthesis process of PS-b-PEO-b-
PtBA triblock copolymers.

Figure 1. GPC traces of prepolymer TEMPO-PEO (A:
Mn ¼ 3.13 103; B:Mn ¼ 3.53 103; C:Mn ¼ 5.63 103).
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of PEO repeating units were observed in the
region 3.36–3.80 ppm, the signals at 1.15 and
1.18 ppm were attributed to the methyl of
HTEMPO, and the resonances for the methylene
protons of HTEMPO were at 1.45 and 1.95 ppm.

Synthesis of Diblock Copolymers PS-b-PEO-OH

The NMP of styrene was conducted using BPO
as initiator in the presence of TEMPO-PEO-OH
at 120 8C. Figure 3 shows the GPC traces of
crude and purified products of diblock copoly-
mers PS-b-PEO, respectively, and a small peak
at long retention time (low-molecular weight
region) before purification can be observed. It
may be arisen by the lower diffusing rate of
TEMPO-PEO-OH than the small molecule
TEMPO leading to the decrease of its trapping
efficiency for propagating PS radicals. Thus
small quantity of PS radicals were not captured,
the PS homopolymer and some remained
TEMPO-PEO-OH were observed (Fig. 3, dotted
curve). Many other groups also reported this

phenomenon.29 The PS homopolymer could be
removed from the products by washing with cold
cyclohexane, and TEMPO-PEO-OH could be
removed by ultrafitration separation. The disap-
pearance of small peak in Figure 3 (dash line)
supported the successful purification.

Figure 2(B) shows the 1H NMR spectrum of
diblock copolymer PS-b-PEO. Besides, the reso-
nances for the methylene protons of PEO
repeating units in the region 3.36–3.80 ppm, the
resonances of the phenyl groups at 6.30–7.20
ppm for PS, and separate resonances at 7.40,
7.50, 7.90 ppm for the residual phenyl group
from the initiator BPO were observed, which
was attached on the ends of PS chains and quite
different from chemical shift of phenyl rings on
PS chains. As it is well known, the PS-b-PEO
block copolymers may form the micelle in
THF,32 so the molecular weight of PS-b-PEO
derived from GPC might be inaccurate. To
obtain the reliable molecular weight of PS-b-
PEO, the Mn of diblock copolymers was calcu-
lated by the following eq 1 from 1H NMR:

Table 1. Polymerization Data of TEMPO-PEO Prepolymers and Diblock Copolymers PS-b-PEO

Example

TEMPO-PEO PS-b-PEO PS-b-PEO-Br

Mn (3103)a Mw/Mn
a Mn (3103)b Mw/Mn

b E.F.b

A 3.1 1.07 15.2 1.27 99.1
B 3.5 1.10 7.4 1.09 98.7
C 5.6 1.13 18.3 1.24 99.0

a Determined by GPC calibrated against PEO standards.
b Determined by 1H NMR.

Figure 2. 1H NMR spectrum of (A) TEMPO-PEO
(CD3OD) and (B) PS-b-PEO (CDCl3).

Figure 3. The GPC traces of PS-b-PEO and PS-b-
PEO-b-PtBA (dot and dash line represent the PS-b-
PEO before and after purification, respectively).
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MnPS�b�PEOÞ ¼ 4AI

5Ae
3

MnðPEOÞ
44

3 104þMnðPEOÞ

ð1Þ

where AI and Ae represent the integral area of
phenyl protons on the PS main chains and all
protons of the PEO main chain, respectively.
Mn(PEO) is the Mn of the TEMPO-PEO, 44 and
104 is the molecular weight (Mw) of EO and St,
respectively. All the data are listed in Table 1.

Esterification of PS-b-PEO with
2-Bromoisobutyryl Bromide

To guarantee high efficiency of the reaction of
the hydroxyl at the end of diblock copolymers
PS-b-PEO with 2-bromoisobutyryl bromide, a
10-fold molar excess of 2-bromoisobutyryl bro-
mide was used. The resulting products were
characterized by 1H NMR as shown in Figure
4(A). The appearance of signal at 4.33 ppm (h)
for the methylene closed to the ester bond gave
an evidence that the reaction took place success-
fully. The reaction efficiency can be calculated
by eq 2, and the data are listed in Table 1.

E:F: ¼ Ah

Ak
3 100% ð2Þ

where Ah and Ak are the integral area of meth-
ylene protons Hh closed to the ester bond and

the protons Hk of residual phenyl group from
the initiator BPO at the PS chain end, respec-
tively. The efficiency was near to 100%.

Figure 5 shows the FTIR spectra of TEMPO-
PEO-OH and PS-b-PEO-OH. In Figure 5(B),
besides the peak at 1115 cm�1 for C��O��C
stretching for PEO repeating units, the typical
absorption peaks of PS block at 1450–1600 cm�1

for C¼¼Caromat stretching and at 3020–3100 cm�1

for C��Haromat stretching were observed. In Fig-
ure 6(A), the conspicuous signal at 1735 cm�1

for the ester bond supported the success of
esterification.

Preparation of ABC Triblock Copolymers
PS-b-PEO-b-PtBA

The polymerization of tBA was carried out by a
classic method of ATRP using PS-b-PEO-Br as
initiator in the presence of CuBr/PMDETA. Fig-
ure 3 shows the GPC trace of final products, a

Figure 4. 1H NMR spectra (CDCl3) of (A) PEO-b-
PS-Br and (B) PS-b-PEO-b-PtBA.

Figure 5. IR spectra of (A) TEMPO-PEO and (B)
PS-b-PEO.

Figure 6. IR spectra of (A) PS-b-PEO-Br and (B)
PS-b-PEO-PtBA.
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unimodal symmetric peak confirmed the ATRP
of tBA was successful and no uninitiated PS-b-
PEO-Br was remained. 1H NMR spectrum for
triblock copolymers PS-b-PEO-b-PtBA was
shown in Figure 4(B). The new peaks at
2.22ppm for the methine protons of PtBA and
1.50 ppm for methyl protons of PtBA could be
observed, besides the characteristic signals of
EO units at 3.36–3.70 ppm and St units at 6.30–
7.30 ppm. To obtain the reliable Mn of triblock
copolymers, the following eq 3 from 1H NMR
was used. The data are listed in Table 2.

MnðtrlblockÞ ¼ 4Ag

Ae
3

MnðPEOÞ
44

3 128þMnðPS�b�PEOÞ

ð3Þ

where Ag and Ae represent the integral area of
methine protons on the main chain of PtBA and
all protons of the PEO main chain, respectively.
Mn(PEO) is the Mn of the TEMPO-PEO. 44 and
128 is the Mw of EO and tBA. Mn(PS-b-PEO) is the
Mn of diblock copolymers PS-b-PEO calculated
by eq 1. Figure 6(B) shows the IR spectrum of
triblock copolymer PS-b-PEO-b-PtBA, besides
the characteristic peaks of PS and PEO, the sig-
nal at 1735 cm�1 for ester bonds was strength-
ened obviously comparing with the spectrum of
PS-b-PEO-Br [Fig. 6 (A)].

Effect of PEO Block Position on the Tg of
PS-b-PEO-b-PtBA and PEO-b-PS-b-PtBA

The glass transition temperatures (Tg) of PS-b-
PEO-b-PtBA (A1) and PEO-b-PS-b-PtBA were
determined by DSC at a heating rate of 10 8C/
min under a nitrogen atmosphere. Considering
the same thermal history of the prepared sam-
ples, the results of the second heating run were
discussed. As Figure 7 shows that Tg of PEO

segment for both triblock copolymers was nearly
the same and observed at �51 to �52 8C, how-
ever, the Tg for PS and PtBA blocks were quite
different. For PEO-b-PS-b-PtBA, the Tg of PtBA
was 38 and 70 8C for PS as Figure 7(A) shows,
but for PS-b-PEO-b-PtBA, the Tg was 34 8C for
PtBA and 89 8C for PS. Obviously, the PEO posi-
tion can exert great effect on the interaction
between blocks. When the PEO block located in
the middle of triblock copolymers, the blocks of
PS and PtBA was separated and the interaction
between them was weakened, the movement of
chain segments for both of them was more free
and approximate to their corresponding homo-
polymers. When the PEO block was located at
the end of the triblock copolymer, the interaction
between PS and PtBA was strengthened, and
the difference of Tgs between them was short-
ened, and Tg of PtBA was enhanced and PS was
lowered. The PEO block position in triblock

Table 2. Polymerization Data of Triblock Copolymers PS-b-PEO-b-PtBA

Example PS-b-PEO

PS-b-PEO-b-PtBA

Mn (3103)b Mw/Mn
a wt % PEOb wt % PSb wt % PtBAb

A1 A 20.5 1.29 15.1 59.0 25.9
A1 A 22.0 1.30 14.1 55.0 30.9
B1 B 10.6 1.22 33.0 36.8 30.2
C1 C 21.8 1.40 25.7 58.2 16.1
C1 C 21.0 1.38 26.7 60.2 13.1

a Determined by GPC calibrated against PS standards.
b Number average molecular weight and weight percentage (wt %) were determined by 1H NMR.

Figure 7. DSC thermograms of (A) PEO3100-b-
PS7300-b-PtBA5300 and (B) PS12,000-b-PEO3100-b-
PtBA5300.
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copolymers may affect their self-assembly mor-
phologies, and the concerned investigation is
undergoing.

CONCLUSIONS

A simple and universal route for preparation of
PS-b-PEO-b-PtBA with PEO as the middle block
was suggested by the combination of NMP and
ATRP using PEO with a-hydroxyl-x-2,2,6,6-tet-
ramethylpiperidinyl-1-oxy end groups (TEMPO-
PEO-OH) as precursors. 1H NMR, FTIR, and
GPC data demonstrated that the polymerization
were under control and successful. DSC mea-
surements confirmed that the PS-b-PEO-b-PtBA
with PEO as middle block can weaken the inter-
action between PS and PtBA blocks, the Tg for
these two blocks were approximate to the corre-
sponding homopolymers comparing with the
PEO-b-PS-b-PtBA with PEO as the first block.

The authors appreciate the financial support from the
National Natural Science Foundation of China (No.:
20574010).
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