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ABSTRACT : Using atom transfer radical polymerization (ATRP), polystyrene macroinitiators and polystyrene-b-
poly(z-butyl acrylate) (PS-b-P(1BA)) block copolymers were synthesized by CuBr/PMDETA catalyst system in
solution. After hydrolysis, polystyrene-b-poly(acrylic acid), amphiphilic block copolymers, were formed. Sub-
sequent neutralization of polyacid block led to the block ionomers. The molecular weight of the synthesized PS-b-
P(:BA) block copolymers was easily-controlled to 5000-10000 and their distributions were less than 1.2. The
chemical structures of the synthesized block copolymers were characterized by '"H-NMR and FT-IR. In the DSC
thermograms, 7, appeared in the vicinity of 100 C because of higher styrene content. In addition, the phase
separation of the block ionomers was observed by TEM.
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Scheme 1. Synthesis of PS and PAA block copolymers.
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PS(108)-5-PrBA(30)
Mn=12 820 PDI=1.15

Monofucntional PS11k
Mn=11 100 PDi=1.10

-

PS(40)-6-PBA(12) Monofunctional PS4.4k
Mn=5 900 PDI=1.12 Mn=4 400 PDI1=1.07

|

PS(40)-5-PrBA(5) Morlofunctional PS4.4k
Mn=5000 PDI=1.08 Mn=4 400 PDI=1.07

|

30
Elution time (min.)

(a)

PtBA(25)-b-PS(113)-b-PfBA(25) Difunctional PS12k
Mn=19 350 PDI=1.10 n=11770 PDI=1.12

2

Difunctional PS9.4k
Mn=9 400 PDI=1.13

PrBA(10)-b-PS(87)-b-PrBA(10)
Mn=12 000 PDI=1.14

Difunctional PS5.6k
Mn=5 600 PDI=1.12

PrBA(14)-b-PS(51)-b-1BA(14)
Mn=9 200 PDI=1.12

20 30
Elution time (min.)

(b)

Figure 1. GPC chromatograms of synthesized macroinitiators
and block copolymers. (a) diblock copolymers (b) triblock co-
polymers.

Table 1. Styrene Macroinitiators Obtained by ATRP
Catalyzed by CuBr/PMDETA System*

initiators conv. (%) My, 1 Mrcec’ PDI

M1 2-EBiB 36 3900 4400 1.07
M2 2-EBiB 53 11200 11100 1.15
D1 DMDBHD 46 5100 5600 1.12
D2 DMDBHD 42 9100 9400 1.13
D3 DMDBHD 53 11370 11770 1.12

“ Reaction performed at 100 C.
® MW initiator + 104.15 ([St]o/[L]o * conv.).
¢ From GPC analysis.
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solvent

oo 8 ' 6 l 4 l 2 ‘ 0 ppm
Figure 2. 'H NMR spectrum of difunctional PS macroinitiator
in CDC13 + Dzo

Table 2. Molecular Characteristics of Diblock and
Triblock Copolymers Obtained by ATRP *

macro-  conv. b ¢ mol%P(:BA)
initiators (%) Vv Moo Muant PDT g vR)
PSM4.4k 9 4900 5280 5040 1.08 13

" 29 6300 5900 6600 1.12 30
PSMI1lk 21 13800 12800 14940 1.15 26

" 34 15500 18000 17530 1.14 37
PSDS.6k 13 8900 8750 9200 112 45
PSD94k 18 11700 12080 12000 1.14 22
PSDI12k 22 14590 20440 16640 1.13 29

" 37 16500 19400 18200 1.10 35

“Reaction performed at 60 TC.
? Macroinitiator M, + 128.17 ([tBAJo/[1]o * conv.).
¢ Calculated on the basis of the DP determined by 'H NMR.
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100:1:1:19 B2 AZHZLE Fi&E £017] 4
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AAsFG o Hers  E =41 (vv %) 3 2905 A}
£3te] AAES Adek A ANAAL} A £F F
Z3k4| 2] GPC chromatograms=- Figure 19 el i)
A £327) 1.10~1.15% 823 £ 2ARE 9
ow ZA Helx uni-modaldt FTEE FAS YERY
ek =3k Z3PA9E Table 291 VrERASICH

Figure 32 412 K) &2 35349 'H-NMR spec-
trume]t}. 7 ppm ZA o] ~E]22] aromatic ring (-CHy-
CH(CHs)-) ¥]13, 1.4 ppm 2] tbutyl”] ] methyl 3|3
7} sharp3lA| YElEem, 1.0~28 ppm A9 F249]
alkyl proton ¥]2& BE FFHA Y 725 AT +

A7 o Bl £ oleT BE ooy g4 21
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CHCl,
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f c+e+i\
HDO \
A a
T 1T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm

Figure 3. 'H NMR spectrum of triblock copolymer (sample 6)
in CDCl; + D,0.

gtk BASl &% (DP)= PS EEAEE o]Fojzl
GPCst A4 A F-3)gk g de i3k g3
Hol7}h & 4 9] wEol HNMRE F3) A B
¥} aromatic ring®] 4 WAL B2 AiE £ 9k
et B2 pEaAsl A $Awe ched 2ol
g % ook

M, =MW of Macroinitiator+DP of -BA X 128.17

GPC9} 'HNMRS 8 ¥a1=F o} 2= 29} 7
% 2A4E e T x2A8 8% LFPAL &

qegee ST 5 Yok

S, Aeln el olexrisl 44
HE 121 S ST U P TS
S50 Aol S el e ALl 3
D% mgeohn 2t BT o) ATRE £29
o1gek. olef @ DT abmel = BT B
SAAH Bjzhest Sule] T4 wsls AL whe
c2A Eohe AUE T 5 9 Dok £, Folol
o= gggalo] FL2EA7E X3 vHA] FDS 9}
3 rbsAol ek

S. P. Armes 5-2* sodium 4-vinylbenzoate (NaVBA)ZS
ATRPE ©]83}9 CuBrbpy FWlIE 20 C, 84 Aref
A BFAIB}AL (conv.(%6)=80~99, M,=7400~ 13400, M, /M=
128~132) = o} 24 oAl oligo (ethylene
oxide) methacrylate(OEGMA)%:. HA] 72 wlHo g BE
T wnslgich £ ATIAE BE BF
SIS ARel Sl ol2inlg HslnAl sk
2 AgeA AR 1BAC U rbuyl7]E 7R

r-|-4 rﬂ O.n|:.’,

22 wAY 5

Polymer (Korea), Vol. 27, No. 1, 2003

7} ¥l 4] BI7|0|EE BARYE rbutyl’)E
zﬂﬂ%}tﬂ PAAE A& 4 3t} PS-b-P(BA) ©|F, Al
5 FERA tbuylZ |5 AAS A3 HelA &

/‘4% =5 FTFHAE 14-dioxane (F5 A A 4ul)
of =o|x kel ZgE Gk (ester”] B9 4u)E P&
F 110 CollA 6A17F < BAFAZT 5= &
u]]oﬂ 70— 1201-0111 OQALQ_ Lzlx]_ _‘?_037.]] -a-aq;chq. H]-.Q—
o] Tyt Zof EF9 1 4-dioxane¥} HCLS 3|7 =4l7]
B AAsG 282 Azl e ol2E17)9 depro-
tectione 53l ¥oj% PAAE CDCL9} D,0¢] &3 &
oo o 'H-NMRE &<l3}%ch

Figure 40]|4] Uehtbzo] &5 53¢l ¢l 1.4 ppm
2 rbutylZ]7} AR SE —'@M% T ok =3 FT-IR
< #4332 23, Figure 542} 7o) carboxylic acid
2] c=09] &Fm7} 1700 em™ F-Zol A poly(s-butyl acry—
late) (P((BA)S] C=0 ¥z xrrcl v g Jehyt
2500~3800 cm' F-Zo|A 0-He EF4ulr} PS-4 aro-
matic ring®] C-H =231 2800~3200 cm™ ¥} 72 A] broad
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r T T T T T T T T

3.0 25 20 1.5 1.0 05 ppm

Figure 4. '"H NMR spectra of diblock copolymer (sample 3)
before hydrolysis (a) and after hydrolysis (b) in CDCl; + D,0.
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LNs =2 A7l wel et Aol A7y o
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L
Y

©)
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T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

A}

(a)

Transmittance

Wavenumbers(cm’)
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