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ABSTRACT: Polytetrahydrofuran (PTHF)/poly(1,3-dioxepane) (PDOP)/polystyrene (PSt) ABC miktoarm
star copolymers were synthesized by combination of cationic ring-opening polymerization (CROP) and
atom transfer radical polymerization. Two different functional groups, carboxylic acid and CHBr, were
capped at one end of PTHF through the reaction of PTHF—OH with 2-bromosuccinic anhydride (BSA).
After PTHF—OOCCHBrCH,COOH reacted with thionyl chloride, block copolymer PTHF-b-PDOP was
synthesized by CROP of DOP at —30 to —35 °C with PTHF—OOCCHBrCH,COCI and AgCIO;, as catalyst.
Finally, (PTHF) (PDOP)—Br was used to initiate the polymerization of St in the presence of CuBr and
bipyridine at 110 °C, and ABC miktoarm star polymer, s-[(PTHF) (PDOP) (PSt)] was successfully prepared.
The copolymers obtained were characterized by *H NMR and gel permeation chromatography measure-

ments.

Introduction

Compared with linear block polymers, miktoarm star
polymers exhibit dramatic differences in morphology!~¢
and solution properties,”’ 10 etc. Recently, much interest
has been directed to the research on miktoarm stars.
The synthesis and properties of miktoarm star polymers
were reviewed by Hadjichristidis.’*~12 Until now, three
different procedures have been developed for the syn-
thesis of ABC miktoarm stars. The first one is based
on the macromonomer technique, where nonhomopoly-
merizable macromonomers at one chain end are incor-
porated at the block junction of diblock copolymers; the
polymerization of the third monomer is then started
from the additional active site to form the third arm.
Fujimoto et al. reported for the first time the synthesis
of ABC type miktoarm stars.’* The lithium salt of
p-(dimethylhydroxy)silyldiphenylethylene (DMS) was
used as initiator for the polymerization of hexamethyl-
cyclotrisiloxane (Ds). Living polystyrene (PSt) chains
were reacted with the end double bond of the diphenyl-
ethylene, followed by the anionic polymerization of tert-
butyl methacrylate (tBuMA). The target polymer [(PSt)
(PDMS) (PtBuMA)] was obtained. However, poly(di-
methylsiloxane) (PDMS) with a rather broad molecular
weight distribution must be fractionated before the
following synthetic steps. A similar synthetic route was
adopted to synthesize ABC star copolymers containing
PSt, polybutadiene (PB), poly(methyl methacrylate)
(PMMA), PSt, PB, and poly(2-vinylpyridine) by Abetz
et al.215 Quirk et al. described a novel strategy to
synthesize ABC terpolymer with nonpolymerizable
monovinyl or divinyl linking agents.’617 The trichlo-
rosilane method is the second one, which uses the
selective, step-by-step substitution of the chlorine atoms
in trichloromethylsilane with anionic living polymer
chains to form star copolymers.18-20

The third method is based on heterofunctional mac-
roinitiator bearing two chemically different functional
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groups which are able to initiate independently two
different kinds of polymerizations. The 1,1-diphenyl-
ethylene derivative bearing a protected hydroxyl group
was used as linking agent to produce a diblock copoly-
mer. After deprotection, the copolymer with a hydroxyl
group was used in the ring-opening polymerization of
the third monomer such as ethylene oxide, e-caprolac-
tone, and lactides.?122 Huang et al. reported that the
PSt chain terminated with N,N,N',N'-tetramethyl-4,4'-
diaminodiphenylmethanol (TDDM) was obtained with
PSt—Li capped with Michler's ketone. The ABC ter-
polymer of St, ethylene oxide, and methacrylic acid was
synthesized by combination of anionic and photoinduced
charge-transfer polymerization.??

Recently, the development of living radical polymer-
ization such as ATRP has opened a new route for the
preparation of well-defined macromolecules because
many monomers can undergo free-radical polymeriza-
tion.?* In previous articles,?>~27 our group successfully
developed a new route to synthesize miktoarm stars of
A,B, and A4B,4 by combination of ATRP and CROP. A
tetrafunctional initiator, di(hydroxyethyl)-2,9-dibro-
mosebate [HOCH,;CH,OOCCHBI(CH2)s CHBrCOOCH-
CH,0OH], was used in ATRP of St with bipyridine (bpy)
and CuBr as ligand and catalyst, and two-armed PSt
with two primary hydroxyl groups sited at the center
of macromolecule [s-(PStBr),(OH),] was first synthe-
sized, followed by s-(PStBr),(OH), which was used as a
chain-transfer agent in the CROP of DOP with triflic
acid as initiator; (PSt), (PDOP), miktoarm star was
obtained.?6 Dioxacarbenium initiating species made
from o,w-dibromosebasinyl dichloride [CICOCHBr(CH,)s-
CHBrCOCI] and AgCIlO;, initiated CROP of THF to
afford (PTHF),Br,, followed by ATRP of St to form (PSt),
(PTHF),.2% Similarly, (PSt), (PTHF), miktoarms were
synthesized according to the above procedure when
octafunctional initiator was employed.?’ Importantly,
the experimental results indicate that the different
types of initiating sites were not influenced by each
other during the polymerization. In this article, we
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present the synthesis of hitherto a new ABC miktoarm
terpolymers, where A, B, and C arms are PTHF, PDOP,
and PSt, respectively, by combination of CROP and
ATRP. PDOP is easily decomposed in acidic conditions;
the new morphology with hole or other structures can
be formed when PDOP chains of the film prepared from
this miktoarm copolymer are removed. As shown in
Scheme 1, PTHF—OH reacted with BSA, resulting in
macroinitiator with two different initiating sites stand-
ing at one end of the polymer chain. Following CROP
of DOP and ATRP of St in sequence, the s-[(PTHF)
(PDOP) (PSt)] miktoarm terpolymers were successfully
prepared.

Experimental Section

Materials. DOP was prepared and purified as described in
ref 28. Silver perchlorate (AgClO4) was prepared in this
laboratory and dried at 110 °C for 24 h before use. THF was
distilled from a purple sodium ketyl solution. Dichloromethane
and benzene were distilled from CaH,. Thionyl chloride and
acetyl chloride were distilled before use. St was washed with
an aqueous solution of sodium hydroxide (5 wt %) three times
and then with water until neutralization. After drying with
anhydrous magnesium sulfate, St was distilled at reduced
pressure. All the chemical reagents were of analytical grade,
purchased from Shanghai Chemical Reagents Co., and used
as received without further purification. s-Bromosuccinic acid
was prepared according to the procedure described in the
literature;*>3! mp 171-172 °C. IR (KBr, cm™%): » = 3500—
3100 (OH), 1708 (C=0), 649 (C—Br). *H NMR (500 MHz, CFs-
COOD) 6 (TMS, ppm): 4.66 (t, 1H, BrCHCOO), 3.30 (d, 2H,
CH,COO0).

Synthesis of 2-Bromosuccinic Anhydride (BSA). L-
Bromosuccinic acid (15 g, 76 mmol) and thionyl chloride (16
mL, 230 mmol) were added into a 100 mL round-bottom flask
protected from moisture by an anhydrous calcium chloride
tube. The mixture was refluxed for 3 h. Then, the remaining
thionyl chloride was evaporated, and the residue was further
dried at 40 °C under vacuum for 24 h. BSA was obtained in
almost quantitative yield; mp 68—69 °C.

IR (KBr, cm™): v = 1874, 1783 (—CO—-0—-CO—), 684 (C—
Br).

IH NMR (500 MHz, CDCl3), 6 (TMS, ppm): 4.83 (dd, 1H,
BrCHCOO), 3.70 (dd, 1H, HCHCOO), 3.30 (dd, 1H, HCHCOO).

Reaction of PTHF—-OH with BSA. PTHF—OH was
synthesized by CROP of THF with acetyl chloride in conjunc-

St

Table 1. Data for PTHF—OH and
PTHF-OCOCHBrCH,COOH
sample Mn(NMR)®  Mn(GPC)? Mw/Mp
PTHF—-OH2 4670 6720 1.23
PTHF—OCOCHBrCcH,COOH®P 5210 7590 1.17

2 The polymerization of THF was performed in CH,ClI; solution
at —15 °C for 8 h with the feed molar ratio: [CH3COCI]:[AgCIO4]:
[THF] = 1/1/139.2° b Esterification conditions: see Experiment
Part. ¢ PTHF—OH: Mn(NMR) = (13.42/2l4.09) x 72 + 60; PTHF—
OCOCHBrCH,;COOH: Mu(NMR) = (l3.42/21409) x 72 + 60 + 179,
where 342 and ls 09 are the integral values of the peaks at 3.42
and 4.09 ppm; 60, 72, and 179 are the molecular weights of acetic
acid, THF, and BSA, respectively. ¢ My(GPC) was measured on a
Waters 150C with RI detector.

tion with silver perchlorate as initiator according to the
procedure in the literature.?® After trace water in PTHF—OH
was removed by azeotropic distillation with anhydrous ben-
zene, PTHF—OH (5.0 g, M, = 5000, 1 mmol) was dissolved in
anhydrous benzene (30 mL), and BSA (1.8 g, 10 mmol) was
added. The mixture was stirred at 55 °C for 24 h. The mixture
was washed with distilled water until it was neutral and then
dried over anhydrous sodium sulfate. Benzene was removed
with a rotary evaporator, the residue was dissolved in THF,
and the solution obtained was added into methanol at —30
°C. The precipitate was filtered and finally dried at 40 °C
under vacuum for 24 h. PTHFOOCCHBrCH,COOH (I, 4.5 g)
was obtained in 90% of yield.

Synthesis of s-[(PTHF) (PDOP)—Br] (11) by CROP of
DOP (sample 3 in Table 2). A typical procedure was as
follows: 1 (0.5 g, 0.1 mmol), thionyl chloride (0.3 mL, 5 mmol),
and CHCI; (5 mL) were added into a 25 mL two-neck flask
equipped with anhydrous calcium chloride tube for protection
of moisture. The mixture was refluxed overnight while stirring.
After removal of volatile compounds at 60 °C under reduced
pressure for several hours, a viscous liquid product was
obtained. CH.Cl, (2 mL) was added to dissolve PTHF—
OOCCHBIrCH,COCI; 23 mg (0.11 mmol) of silver perchlorate
was transferred into the solution of macroinitiator under
nitrogen atmosphere at —30 to —35 °C. After stirring for 1 h,
DOP was added with syringe and polymerized at this tem-
perature for 4 h. The polymer solution was quenched by adding
excess distilled water. The mixture was passed through a short
column of neutral alumina for removing AgCl, and the solution
was washed with distilled water until neutralization. The CH,-
Cl, was removed with a rotary evaporator. The solution of the
residue in THF was added into methanol at —30 °C. The
precipitate was collected by filtration and finally dried at 40
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Table 2. Conditions and Results of CROP of DOP Using Macromolecular Oxocarbenium Perchlorate as Initiator?

Mp (x10%)
no. sample [DOP]o (mol L™1) [1lo (mol L1 conv® (%) NMRe¢ thd GPC® Mw/Mp
1 (PT)(PD), 3.27 0.033 67 1.18 1.20 1.52 1.47
2 (PT)(PD), 4.90 0.025 78 2.12 2.08 1.94 1.48
3 (PT)(PD)s 5.88 0.020 83 3.33 3.01 3.14 1.50

a Polymerization was performed in methylene chloride at —30 to —35 °C for 4 h. b Conversion was determined by gas chromatography.
¢ Calculated according to eq 1. 4 The theoretical number-average Mn(th) = [102 x conversion x ([DOPJo/[1]o)] + 5200, where 102 and 5200
are molecular weights of DOP and PTHF macroinitiator and [DOP], and [l]o are the initial molar concertrations of DOP and PTHF—
OCOCHBrCH,COCI macroinitiator. ¢ My(GPC) was measured on Waters 515 with RI, RALLS, and DV detectors.

Table 3. Conditions and Results of ATRP of St Using (PTHF) (PDOP)—Br/CuBr/bpy as Initiating System?

Mn (x10%)
no. sampleP time (h) conve® (%) NMRd the GPCf Mw/Mp,
1 (PT)(PD)(PS)11 1 2.4 1.39 1.43 1.83 1.49
2 (PT)(PD)(PS)12 3 7.2 1.91 1.93 2.34 1.50
3 (PT)(PD)(PS)21 2 4.2 2.54 2.56 3.05 1.50
4 (PT)(PD)(PS)22 4 8.3 2.94 2.98 3.26 1.49
5 (PT)(PD)(PS)a1 2 4.5 3.76 3.80 4.40 1.54
6 (PT)(PD)(PS)32 6 12,5 4.59 4.63 4.98 1.52

a St was polymerized in bulk at 110 °C with the molar ratio in feed: St/CuBr/bpy/PTHF-b-PDOPBr = 1000/1/3/1. ® Samples 1 and 2,
3 and 4, and 5 and 6 were initiated respectively by (PT) (PD);, (PT) (PD), and (PT) (PD)s in Table 2. ¢ Conversion was calculated based
on *H NMR data. 9 Calculated according to eq 2. ¢ The theoretical number-average M, (th) = ([St]o/[1]o) x conversion x 104 + Mpprro(NMR),
where [St]o and [I]o are the initial molar concentrations of St and (PTHF) (PDOP)—Br respectively; 104 and Mnptpp (NMR) are molecular
weights of St and (PTHF) (PDOP)-Br. f M,(GPC) was measured on a Waters 515 with RI, RALLS, and DV detectors.

°C under vacuum for 24 h. Conversion: 83% (determined by
gas chromatography), M,(NMR) = 3.33 x 104 PDI = 1.50. *H
NMR (500 MHz, CDCls), 6 (TMS, ppm): 4.65 (OCH0), 4.56
(CHBrC=0), 4.21 (2 CH,0C=0), 4.07 (CH,O0CCHs, termi-
nal), 3.54 (OCH,OCH,CHj,), 3.40 (CH,CH,OCH,CH,), 1.88—
1.57 (CH,CH,0OCH,CH,, and OCH,OCH,CHy).

Synthesis of s-[(PTHF) (PDOP) (PSt)] (I11) (sample 5
in Table 3). The ABC terpolymer |11 was synthesized by the
bulk ATRP of St with the feed molar ratio St:11:CuBr:bpy =
1000:1:1:3. To a 5 mL glass tube, CuBr, bpy, Il, and St were
added successively. The heterogeneous mixture was degassed
by three freeze—pump—thaw cycles. The tube was sealed
under vacuum and then immersed in an oil bath thermostated
at 110 °C. After the reaction was carried out for a prescribed
time, the tube was rapidly cooled to room temperature by ice
water, and the polymer solution in THF was passed through
a short column of neutral alumina to remove the metal salt.
By adding the polymer solution into an excess of methanol,
the terpolymer was precipitated, filtered, and dried at 40 °C
in a vacuum oven for 24 h. Conversion: 4.5% (based on 'H
NMR data), M,(NMR) = 3.80 x 104 PDI = 1.54. *H NMR (500
MHz, CDCls), 6 (TMS, ppm): 7.08—6.60 (aromatic protons),
4.65 (OCH,0), 4.49 (CHBr, terminal), 4.23 (2 CH,0C=0), 4.09
(CH,O0CCHg3, terminal), 3.54 (OCH,OCH,CH,), 3.40 (CH,CH,-
OCH,CH,), 2.00—1.06 (CH,CH,OCH,CH,, OCH,OCH,CH, and
CH,CHPh).

Characterization. 'H NMR spectra were measured on a
Bruker DMX-500 nuclear magnetic resonance instrument
using CDCI; as solvent and tetramethylsilane (TMS) as
internal reference. FTIR spectra was recorded on a Vector-22
FTIR instrument. The melting point was determined on an
Electrathermal digital melting point apparatus. The molecular
weights of the polymers obtained were estimated on a Waters
515 fitted with Waters styragel HT3 and HT4 columns with a
dual detector (Viscotek TDA 301), with right angle laser light
scattering (RALLS) and differential viscometer (DV) detectors
in series, combined on-line with a differential refractometer
(RI, Waters 2410). The molecular weight distribution of the
polymers was detected on a Waters 150C gel permeation
chromatograph (GPC) equipped with Ultrastyragel columns
(500, 103, and 10* A) and RI detector. THF was used as eluent
at a flow rate of 1.0 mL/min.

Results and Discussion

Esterification of PTHF—OH. BSA was synthesized
according to ref 31 with slight modification. Instead of

O=Hyp,
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Figure 1. 'H NMR spectra of 2-bromosuccinic anhydride (A)
and reaction product of PTHF—OH with BSA (B).

trifluoroacetic anhydride, thionyl chloride was em-
ployed. Figure 1A is its 'TH NMR spectrum. Because of
inequality of three protons, all three peaks are splitted
into a doublet. Peak a at 4.83 ppm and peaks b and ¢ at
3.70 and 3.30 ppm are ascribed to the methine proton
and the methylene protons.

PTHF—OH was synthesized by CROP of THF with
acetyl chloride in combination with silver perchlorate
as initiating system.2® The molecular weight and poly-
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Figure 2. Typical 'H NMR spectrum of PTHF-b-PDOPBY block copolymer (sample 3 in Table 2).

dispersity index are listed in Table 1. For preparing the
well-defined ABC miktoarmed copolymer, no bromine
loss and complete esterification of PTHF—OH are
necessary in the reaction of PTHF—OH with BSA. It
was reported that the esterification reaction of poly-
(ethylene glycol) with succinic anhydride was performed
at 55 °C in CHCI3 and pyridine;32 some bromines were
eliminated although complete esterification was achieved.
Thus, the reaction of PTHF—OH with BSA was carried
out without pyridine, but in benzene for 24 h, the 'H
NMR spectrum of the product is shown in Figure 1B.
Peaks a and b at 3.42 and 1.62 ppm are assigned to
methylene protons next to the ether oxygen and the
protons of the two middle methylene groups in the
tetramethylene unit, respectively. Peak ¢ at 2.05 ppm
belongs to the methyl protons of acetyl group standing
at one end of polymer chain. Peaks &' and a" at 4.09
and 4.23 ppm correspond to the methylene protons
connected to ester oxygens of acetate and bromosucci-
nate groups, respectively. Besides, peak d at 4.55 ppm
is representative of a methine proton connected to
bromine, peak e at 2.98 ppm is ascribed to one of
methylene protons, and the other is overlapped by
methylene protons of the PTHF main chain. Compared
to the signals of BSA in Figure 1A, the signals of
methine and methylene protons in BSA unit are shifted
to high field, which is concurrent to its acyclic structure.
In addition, the integration ratio of peaks of c, &', a", d,
and e is nearly 3.5:2.2:1.9:1.0:1.0, indicating that the
hydroxyl group of PTHF—OH reacted with BSA com-
pletely, and no debromination took place during the
esterification; that is, the difunctional macroinitiator
PTHF—OCOCHBrCH,COOH was successfully synthe-
sized.

Synthesis of (PTHF) (PDOP)—Br by CROP of
DOP. In our previous research on the preparations and
characterizations of the A;B, and AiB; miktoarm
stars,26:2” the CHBr group in macroinitiator was not lost
during CROP. As reported by our research group,?8
CROP of DOP was carried out at —30 to —35 °C using
oxocarbenium perchlorate as initiator, and its poly-
merization rate is higher than that of THF using the

D ¢ B A

T d T T T v T T T v T T T
14 16 18 20 22 24 26

elution volume in ml
Figure 3. Stack GPC traces (Rl detector) of PTHF and its
copolymers with DOP PTHF-b-PDOBF (A is the macroinitiator
PTHF sample 2 in Table 1; B, C, and D are samples 1, 2, and
3in Table 2, respectively.

same initiator. 'H NMR data and GPC analysis dem-
onstrate that the formation of cyclics can be neglected.
The molecular weight of PDOP could be controlled by
the molar ratio of DOP consumed to the initiator added.
According to this polymerization procedure, we synthe-
sized (PTHF) (PDOP)—Br using the macroinitiator
PTHF—OCOCHBrCH,CO™ClO4~. The results are listed
in Table 2, and the typical H NMR spectrum and GPC
curves are shown in Figures 2 and 3, respectively. Peaks
a and b at 4.65 and 3.54 ppm in Figure 2 are assigned
to the acetal methylene protons and the methylene
protons next to ether oxygen, respectively, the methyl-
ene protons next to oxygen of THF units appear at 3.40
ppm (peak c in Figure 2), and the signals of the two
middle methylene protons of tetramethylene groups in
DOP and THF units are overlapped at 1.60 ppm. The
results of IH NMR indicate the presence of the DOP unit
in the copolymer. Peaks at 4.21 and 4.07 ppm are
ascribed to the three methylene groups connected to the
ester oxygen of bromosuccinate and acetate group,
respectively. Peak f at 4.56 ppm corresponds to the
methine proton connected to bromine. The integration
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Figure 4. Typical GPC traces (Rl detector) of PTHF-b-
PDOPBr and its ABC terpolymers (A, sample 3 in Table 2; B
and C, samples 5 and 6 in Table 3, respectively.)

ratio of peaks at 4.56, 4.21, and 4.07 ppm are ap-
proximately 1.0:4.3:1.8, demonstrating the complete
initiation of macroinitiator, the formation of cyclics could
be neglected, and almost no bromine was lost during
CROP of DOP. The symmetrical GPC curves of (PTHF)
(PDOP)—Br shown in Figure 3 manifest also these
conclusions. The polydispersity indexes of polymers
ranging from 1.47 to 1.50 listed in Table 2 are similar
to our previous results of homopolymerization of DOP.?8

Assuming that each macromolecule contains one
PTHF chain and one PDOP chain, the number-average
molecular weight Mpprpp(NMR) can be calculated by eq
1, and the results are listed in Table 2.

M, preo(NMR) = (1354/15 40) X DPprye x 102 + 520(0)
1

where I354 and 1340 are the integral values of the peaks
at 3.54 and 3.40 ppm, respectively, DPp1E is the degree
of polymerization of PTHF segment, and 5200 and 102

Macromolecules, Vol. 35, No. 6, 2002

are molecular weights of the PTHF segment and
DOP, respectively. Mpprep(NMR) agrees well with
Mnprep(th). The results listed in Table 2 demonstrate
that molecular weight of PDOP segment could be
controlled by the feed molar ratio of DOP consumed to
the initiator added.

Synthesis of s-[(PTHF) (PDOP) (PSt)] Terpoly-
mer. The s-[(PTHF) (PDOP) (PSt)] terpolymer was
achieved by bulk polymerization of St at 110 °C using
PTHF-b-PDOPBYr/CuBr/bpy as initiating system. The
conditions and results are listed in Table 3. The molec-
ular weight of the polymer obtained is increased with
the increasing conversion of St (see Table 3). The typical
GPC curves shown in Figure 4 are symmetrical, indicat-
ing the macroinitiator PTHF-b-PDOPBr left in the
polymer is not detected. Figure 5 is a typical 1H NMR
spectrum of ABC terpolymer. The characteristic peaks
of the phenyl group in the PSt unit appear at 7.08—
6.60 ppm; the signals at 1.06—2.00 ppm corresponding
to the methylene and methine protons in the main chain
of PSt segment are partially overlapped by the signals
of two middle methylene protons of tetramethylene
group in DOP and THF units. Compared with 'H NMR
of the macroinitiator PTHF-b-PDOPBT in Figure 2, the
peak at 4.56 ppm of the methine proton connected to
bromine is slightly shifted to high field at 4.49 ppm,
which is the signal of end-standing methine proton next
to bromine in PSt segment, but the integration ratio of
the peak at 4.49 ppm to other two peaks at 4.23 and
4.09 ppm remains the same (the integration ratio of
peaks at 4.49, 4.23, and 4.09 ppm is 1.0:4.4:1.8), indicat-
ing the complete initiation of CHBr group of PTHF-b-
PDOPBr. The GPC and 'H NMR facts verify that
s-[(PSt) (PTHF) (PDOP)] terpolymer was formed. On the
basis of the molecular weight of PTHF-b-PDOPBF, the
number-average molecular weight, Mnprpppst(NMR), can

cocl, b c e+f+g
d
c‘+dl

gl
A
7 6 5 4 3 2 1 0

Chemical Shift

¢ 0 0 d' " R

c b Il d e
HOCHZCHZCHZCHZOCHZOvvvaCHzCHzCHzCHzoCCHzil-lcOCH2CH2CHZCHZOV\NV‘OCHZCHZCH2CH20CCH3

H\NV\CH@f{Br

Figure 5. Typical 'H NMR spectrum of s-[([PTHF) (PDOP) (PSt)] ABC terpolymer (sample 5 in Table 3).
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be calculated by eq 2, and the results are listed in Table
3.

Miprpopst(NMR) = [(17,05-6.60/9)/(15.49/4)] X DPprye x
104 + Mpprpp(NMR) (2)

where 170s-660 and l3 40 are the integral values of the
peaks at 7.08—6.60 and 3.40 ppm, respectively, DPprhr
is the DP of PTHF, and 104 and Mpptpp(NMR) are
molecular weights of St and (PTHF) (PDOP) macroin-
itiator, respectively. The good agreement of Mpptpppsi-
(NMR) and Mpprpppsi(th) and the symmetrical GPC
traces suggest that the s-[(PTHF) (PDOP) (PSt)] mik-
toarm ABC stars are successfully synthesized.

Conclusions

An approach for synthesizing ABC miktoarm star
coplymers by combination of CROP and ATRP has been
developed. A macroinitiator containing two different
functional groups, CHBr and carboxylic acid, can be
prepared by the reaction of PTHF—OH with 2-bromo-
succinic anhydride. Followed by CROP of DOP, the block
copolymer PTHF-b-PDOPBr was obtained. The molec-
ular weight of PDOP segment could be controlled by the
molar ratio of DOP consumed to the initiator added. Its
polydispersity index (1.47—1.5) is similar to the result
of homopolymerization of DOP. Finally, the ATRP of St
produced the ABC miktoarm stars, s-[(PTHF) (PDOP)
(PSt)], using (PTHF) (PDOP)-Br/CuBr/bpy as the initi-
ating system. By changing polymerization time, the
terpolymers with different St segment chain length
could be obtained. The well-defined ABC terpolymers
obtained are supported by the results of the 'H NMR
characterization and GPC measurements (1.49—1.54).
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