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Abstract: In this study, block copolymer of polystyrene and poly ethylene glycol methyl
ether methacrylate(PEGMA) by ATRP(atom transfer radical polymerization) method was
synthesized. 4 arm-molecule which contained halogen atom was synthesized for an initiator.
With 4 arm-molecule monodispered polystyrene were synthesized by ATRP method. The
molecular change of synthesized monodispersed polystyrene with respect to time was
investigated and living polymer characteristic was confirmed. Block copolymer of polystyrene
and poly ethylene glycol methyl ether methacrylate(PEGMA) was synthesized by ATRP with
macroinitiator which was synthesized from the monodispersed polystyrene(Mn=12000). The
molecular weight of obtained PS-b-PEGMA was 22,000.

Keywords : block copolymer of polystyrene and poly ethylene glycol methyl ether
methacrylate(PEGMA), ATRP(atom transfer radical polymerization), 4-arm
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Fig. 1. General mechanism of living radical
polymerization.
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Fig. 2. Mechanism of ATRP.
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monodispersed polystyrene® #8439 n, Bx

#F 12,0002 7FAl+= monodispersed polystyrene
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Pk i L S

¥  macroinitiator&
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2. M2 ¥ d9

ATRP{aom transfer radical pofymerzationh €13 polystyrene pely ethylene glveol mehy] ether metiaerybte PRGMA)) 23 254 4 3

2.1. AlS}
2-Bromopropionyl bromide (97%),
pentaerythritol(99+9), triethylami ne (99.5 %),

ether(anhydrous, 99+%), sodium hydrogen
carbonate (99.7+%), copper( 1)
bromide(99.999%), 4,4’ -dinonyl-2,2'~dipyridy!

(dNbpy, 97%), 14-dimethoxybenzene(99%),
aluminium oxide® AldrichAtolld FH o
g ol A gleol AHg3tETh

Styrene monomer{99+%)+ AldrichAbel A
o 254k &) A} (4-tert-butylcatechhol,
TBC)E AAs7 98- TBC inhibitor AA
AYE ALY FAANZ F AR
Poly(ethylene glycol)methyl ether
methacrylatet>  HF FAbgko] 3009 RE
AldrichA}oll A Tge S A
(hydroguinnone monomethyl ether, MEHQ)&
AAS7] 98] MEHQ inhibitor A4 #A#&
Agste] AAA F AMESIA Y dtguR
#2] acetone, THF, methanol 5& (F)94kst
oA FRlstgion], 2R dFgAtez AHA
2 @an Abgstden, AL Sz 29
HPLC grade THFE AldrichAlol A %) 8t
gt o

2.2, AEI17]

(1) Gel permeation chromatograph(GPC)

GPCx WatersAte] 299¥  Breeze HPLC
system& AHEEAut  columnd  shodexAb
polystyragel linear column 27/} & AR&3tgom
solvent= THFE AHE3Idch A¥x7dL 40
ColA 1 mbl/min® 4% 3 g/l 52 &4
& FHFEPT.

(2) Gas chromatography{(GC)

GC+ Hewlett PackardAF2] model HP 5890-
& Agstgen, detectory FIDE o] &394
. columne HP-5 capillary column (25
mx0.2 mmx0.33 mm film thickness)& A3t
o BEAZAL oven €% 150 °C, injector &
¥ 250 CE 891, column 80 “Colr] 2%
7 HA AL 13 °C/min® £ AlA 250
Col A 287 A 899™ detectord] 2RE
280 C2 #FAAHTh Akl & HE 9L
02 m Teflon FAb7|2 oA ale] FA8r] A
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(pentaerythritol tetrakis(2-
bromopropionate) 2] %4

3.1 g(23 mmol)¥] pentaerythritolS 250 mL

round-bottom flaske] ¥ THF 100 mL2 &
|AIZL F 10 g(99 mmol) 9l triethylamine
HArbsoh ol%F Ar(g) BEY719A4 50 mL
pressure equalizing addition funnelol] 21 g (99
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40 mL9] THFZ £3)A7 t}. Round-bottom
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3, FE A7t} AW F 50 mL pressure
equalizing addition funnet el A=
2-bromopropionyl bromideE A3 A3} 1Y
th SRS wNkAl7| 3z ALdA g A
AE& 300 mLel diethyl etherd] &3 & 1 L
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#, 200 mL NaHCOs(ag)ol 9] 31, 200 mL
H02 A% FE23cHFig. 3). |714e
MgSOs& AHE3te] FES AAT & HE s
g gvle SAEY 3272 AA A
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1. 200mL of H,0
2. 3X200mL of NaHCO(aq)
3. 200mL of H,0

MgSO, (- H,0)

Evaporation of Diethyl Ether Layer by Evaporator

Fig. 3. Extraction process of 4 arm initiator.

2.3.2. 4BrPr initiator& ©]%3% styrene
monomer?d ATRP

Styrene®}] ATRP F#HH2 2 £09
AbE gle) bulk FFHOR g, BE Aok B
U2 Ar 7k £9171¢) glove boxol A ThFof
At

0.319 (0472 mmol)9 4BrPr3} 10.00 g(96
mmol)e]  styrene monomerE® 250 mlL
round-bottom flaskel ¥ 4BrPr& &¢It}
0.135 g(0.940 mmol)®] CuBr# 9660 g(93
mmol)2] styrene monomer:= 100 mL Schlenk
flaske] ¥+=uh 283 0.810 g(1.90 mmol) ¢
4,4’ -dinonyl~2,2"-dipyridyl(dNbpy)&  Schlenk
flaske]  #H7} 39 WH(styrene/initiator/CuBr/
dNbpy=400/1/2/4). %= #4& 3 internal
standard®  1,4-dimethoxybenzene-& styrene
monomer Z42] 1/10 T £ttt AL
A] initiator solutione cannula®] &% )& &
Z35ta] 15%0] ZA Schlenk flask® <7t}
% ARoA 5 o mwrEHth Ar 297
oAl 110 °C9 oil batholl $1XAF)3L, 2 =4
0.2 mLe &%E syringeE AE3te] Wolulx
3 AZHE 0 hrZE 3F31 wybg AERig, 55
ol & RtE7] s8] 44 Alzbeic} 0.2 mLe
£ a-g HolNol GCY GPCE E4L syt
AYEL 100 mL2 acetoned] &3jA7|3 =
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& AA37] Y8 aluminium oxide®Z 3
? 48 &9 A7l % methanol Aoz A4
A 3. oy AAL F A3 A 37 9
brine 2 mL& 7} 399 t}h methanold2 A|A
3l3 polymere 80 mL THFe &3A7)x ¢
o AFAAR FAEL WMEINTG YAAEL 60°C 2
T AERIAAM AZAAY Azt g Bzl
o] W¥ists #FEI HAE Az B &
1200021 ©E4F polystyrene® {HAlsle] A&
F A

2.3.3. PS macroinitiatorg o} 83
PEGMA¢®] ATRP

PS macroinitiator$ PEGMAS @A o2
£ujo] AL glo] bulk FFLE FYXN, EE
Aleke] B41e Ar 7b2 B9719] glove boxel
A R o et

0.354 g(0.0265 mmol)¢] PS macroinitiators}
4 g(13.00 mmol)¥ poly (ethylene glycol)
methyl ether methacrylate(PEGMA, Ave.
Mn=300)2 250 mL round-bottom flaske]
I PS macroinitiatorZ =<1tk 0.009 g(0.06
mmol)¢] CuBr® 400 g(13.00 mmoh¥
PEGMA<T 100 mL Schlenk flaske] ¥+t 22
g3 005 g(0.12 mmol9 44'-dinonyl-2,2'-
dipyridyl(dNbpy)E Schlenk flaskell 7} 314
tHPEGMA/PS macroinitiator/CuBr/dNbpy =
900/1/2/4). A2o)lA  initiator  solutions
cannulael 93 o]%-& T 158 HA

Schlenk flask® &7tk 2 F A2 5%

OH
HO,
0 N(C;Hs)s
+ _
OH
dried THF, 0T
HO' Br Br ’

Pentaerythritol

ATRPlatom transfer radical polymerization} 93 polystrene} poly efhylene giycol methy] ether methacrylatelPRGMAIS 25 534 §

2-bromopropionyl bromide

X
ol

ol wEkA Itk Ar 29714 130 °CY il
batho] YXA7]|z mets AjFgc YYELS
100 mL9 methylene chlorideo] &3)|Al7]a %
& AA37] 93 AAHES aluminium oxide
2 23 #A 4ddge F4A 3 #39
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2 AAsL AAHEL 60 °C AF AxR7|NA
AzA 7

3. @z ¥ ¥

Fig. 49 4 arm-initiator®] ¥4 Schemeg
el oA ot

4 arm-initiator?] ¥ 2 42 AzxH
42 'H NMR #4& Tato] §4 %8 g
Jd&tAthFig. 5). ¥4 &9 Aldrchirbel
CDCLE A8t st 4 A3,
C-CH>-O-C(O)-CH-Br9 #o=z FAHHE §
gk 4.21-444(m, 12H), CH(Br)-CH3®| #2o 2
ZAE = 53 1.8(d, 12H)°o] eI, ¥
WAEEE Hol Aol AFAHA A& FQl 3
4t

A3 4 arm-initiator$} styrene monomer
¢}e] ATRP #A & Fig. 691 YeEFRI R

Table 1& GPC, GCE A 4-arm PS
star polymerZE ®43l9 g A mE&
A, gy odan J43eS =33 ¢

Aot

o

_ Br o
I O)_<
Br
o [¢]
O,
Br, Y
>_\( O
o) Br

Pentaerythritol tetrakis(2-bromopropionate)

Fig. 4. Synthesis mechanism of 4 arm-initiator.
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Fig. 6. Synthesis mechanism of PS star polymer.
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Table 1. Molecular Weight{Mn and Mw), Polydispersity, and Conversion
According to the Reaction Time

Time(hr) Mn Mw Mw/Mn | Conversion (%)
0.5 5494 5812 1.05 27
15 10195 10611 1.04 29
4 14292 15264 1.07 37
7 16832 17974 1.07 42
10 17834 19082 1.07 53

(styrene /initiator/CuBr/dNbpy = 400/1/2/4).

Br

Q% |
10000 +- -

2000 |

Br

o) T 6000 | o

m 4000 p

a a 2000
a a o L

0 2 4 -] 8 10

Timethr)

Fig. 8 Evolution of molecular weight for

polystyrene initiated by  4BrPr.

a (styrene/initiator/CuBr/dNbpy =
: 400/1/2/4).
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Fig. 11. First-order kinetic plot for
polystyrene initiated by 4BrPr.

Fig. 13 4 am star PS9 PEGMA
(AveMn 30009 FEEA dARA vE B3A
< veEhdidh 94 §43 4 arm star PSol
Ae ExEko] 120009 ©EAF polystyrened

ATRP atom transfer radical polymerization)d) 213 polystyrenest poly ethylene glycol methy! ether methacryltePEGMA)Y 52 33344 84 9

A sy, ©]E A macroinitiatorZ ©]-£3+4
PEGMA(Ave. Mn=300)%} 3 Azt &b W34
7 HFHOZ 4 arm star PS-b-PEGMAE ¥
48+ gk

20000 1.30
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L 4105

20 % m ) )
Conversion(%)

Fig. 12. Evolution of molecular weight and

polydispersity with conversion for

polystyrene initiated by 4BrPr.

gy nExE= g NMR(Fig. 14) 9 sk
gt FxE FAJdstdrk Fig. 159 GPC
chromatogramell YERd BRe} o] 24 Mn
gkol 120001 A polystyrene &
macroinitiator2 ©] 83l Mn gte] 22000¢]
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At

w f  f P
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8 S 7/ & o—fcwcup}—cm
) g
- s
5 N

i i

N ¥ SAve. Mir-300)
3 arm ster PS
Ave. M1 20000

Br—PEGMA~._ BGMA—Br
CuB. Nbpy. 130°C ﬁu

PEGMATS inifiatocCubi J\M)

Br——PRGMA., \<,
ﬁ—J ©°
m

i

o P 20001 b BEGMAL14510)

( /) PRGMA—Br

Fig. 13. Synthesis mechanism of 4 arm star
PS-b-PEGMA.
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1 FE H NMRE B3kl 89 a9t 2
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polymers 433 %’“54 Agee g
NMR#Z #2480 Fx ole g GCs

LB eSS

GPC —E—?—% et A7) ‘f}?: A o
BEAE 193 conversion{%)5S Eelste] ¥
7‘}"’*0] 12000¢1 4 arm PS star polvmcr;u £
A4 g 5 Ik 28z FA4FE 4 arm PS
star polymer ZtZ1S  macrointiator2 S}
poly(ethylene glycol)methyl ether methacrylate
(PEGMA)YS} tFA] ATRP W9lg Axgens
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ATRPY Z¥oz olAZAE FE3A X
A g FEe nEAEY FA d¢
fol8tA HAd FARUE e gy F3d
o wial ZAYER &L wexdF ‘3}‘%}‘&5} L3

7180l 1 21g Avdvdes FH dEd
Folch Ao dve MER HAAY Fohe
e mEake] g 9 249 A, 715719

T9 Zo] 23 wom ) B dFa] A
A3 Star polymerst o] 7|FEHoR F=
b Alejg agAe] FAdE g gz 3
gol F&8A ol 8E Zoln ARIE E&E
g d ol vdiE

mlo

g

1. S. Munirasu and R. Dhamodharan, Very
rapid  copper-mediated  atom  transfer
radical polymerization of benzyl
methacrvlate at ambient temperature, J.
Polym. Sci. Part A: Polym. Chem., 42,
1053 (2004).

2. L. Xue, U. S. Agarwal, and P. J.
Lemstra, High Molecular Weight PMMA
by ATRP, Macromolecules, 35, 8650
(2002).

3. J. V. Nguven and C. W. Jones, Design,
Behavior, and Recycling of
Silica-Supported CuBr-Bipyridine ATRP
Catalysts, Macromolecules, 37, 1190
(2004).

4, E. L. Brantley and G. K. Jennings,
Fluorinated Polymer Films from Acylation
of ATRP Surface-Initiated
Poly(hydroxyethyl methacrylate),
Macromolecules, 37, 1476 (2004).

5. W. Tang and K. Matyjaszewski, Effect of
Ligand Structure on Activation Rate

- 315 -



Vol. 26, No. 3 (2009)

10.

Constants in ATRP, Macromolecules, 39,
4953 (2006).

. J. N. Kizhakkedathu, R. N. Jones, and D.

E. Brooks, Synthesis of Well-Defined
Environmentally Responsive Polymer
Brushes by Aqueous ATRP,

Macromolecules, 37, 734 (2004).

. Y. Schneider, J. D. Azoulay, R. C. Coffin,

and G. C. Bazan, New Polyethylene
Macroinitiators and Their Subsequent
Grafting by Atom Transfer Radical
Polymerization, J. Am. Chem. Soc., 130,
10464 (2008).

. X. H. Dai and C. M. Dong, Synthesis,

self-assembly and recognition properties
of biomimetic star-shaped poly(e
-caprolactone)-b-glycopolymer hlock
copolymers, J Polym Sci Part A
Polym. Chem., 46, 817 (2008).

H F. Gao and K. Matyjaszewski,
Arm-First Method As a Simple and
General Method for Synthesis of
Miktoarm Star Copolymers, J. Am. Chem.
Soc., 129, 11828 (2007).

H Y. Hong, Y. Y. Mai, Y. F. Zhou, D.
Y. Yan, and Y. Chen, Synthesis and
supramolecular self-assembly of
thermosensitive amphiphilic star
copolymers based on a hyperbranched
polyether core, J. Polym. Sci. Part A:
Polym. Chem., 46, 668 (2008).

1L

12.

13.

14.

15.

- 316 -

ATRPYatom trnsfr radea peymerzationish 1% plystyrenest pely ehylne gljed melsh lher mehacoltePEGMA)S 8% 3339 ¥ 11

H. Gao, M. C. Jones, P. Tewari, M.
Ranger, and J. C. Leroux, Star-shaped
alkylated  poly(glycerol  methacrylate)
reverse micelles: Synthesis and evaluation
of their solubilizing properties in
dichloromethane, J. Poiym Sci. Part A-
Polym Chemn., 45, 2425 (2007).

L. G Ba, L. F. Zhang, ]. A. Zhu, Z. P.
Cheng, and X. L. Zhu, Iron(Il)-mediated
AGET ATRP of styrene  using
tris(3,6-dioxaheptyl)amine as a ligand, J
Polym. Sci. Part A: Polym. Chem., 41,
2002 (2009).

S. Sinnwell, M. Lammens, M. H. Stenzel,
F. E. Du Prez, and C. B. Kowollik,
Efficient access to multi-arm star block
copolymers by a combination of ATRP
and RAFT-HDA click chemistry, J
Polym. Sci. Part A: Polym. Chem., 41,
2207 (2009).

Z. Y. Yenice, M. A. Tasdelen, A. Oral, C.
Guler, and Y. Yagci, Poly(styrene-b-
tetrahydrofuran)/clay nanocomposites by
mechanistic transformation, J. Polym Sci.
Part A: Polym. Chem., 47, 2190 (2009).
R. M. Sun, G. W. Wang, C. Liu, and ].
L. Huang, Preparation of comb-like
copolymers with amphiphilic poly(ethylene
oxide)-b-polystyrene graft chains by
combination of graft from and graft onto
strategies, J. Polym Sci. Part A° Polym
Chem., 47, 1930 (2009).



