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2 ol B2 F3(ATRP)S ©]&3}] CuBi/N,N,N'N" N"-pentamethyldiethylene triamine —H’H /\]

2wl A flF3Fo T polystyrene AT ZNAIA| L} polystyrene-b-t-poly(butyl acrylate) (PS-b- P(tBA))
T5HAE F9 F, 7IE3E E3H polystyrene-b-poly(acrylic acid) F%] “H/“ =5 s 24
&3 o] FEet] &5 olexmE Axsiglel IR PS-b-P(BA) =5 T AT AR 5000-
10000 A=2 A= QY BAF BXx 12 ost= vwd FA Yepdrh 253 'H-NMR, FT-IR
= Aslglon DSCE A A4S 24T A7 styrene] gl ¥ W] w¥el 100 T ZANA T,
7} vepton TEME Sl o]& 15o] 4222 shelsjic)
ABSTRACT : Using atom transfer radical polymerization (ATRP), polystyrene macroinitiators and polystyrene-b-
poly(¢-butyl acrylate) (PS-b-P(iBA)) 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(fBA) 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.

Keywords : ionomer, ATRP, block copolymer, polystyrene, poly(acrylic acid) .
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2. 43
A)eF. t-Butyl acrylate (--BA) (Aldrlch 98%) + S(W/V)%
NaOH +&fo= 33|, FHFT2 3] FAT o=

Mgso4§ Agste] Azsly G7E A (60 C/60mmHg)

S53be] AFg3hsict 2~E]"(Junsei Chemical)S 541 2]
249 Beph 329 2RE EAAA 2o 2AAE
AR % ol nastel AH-EISIEh CuBr (Aldrich,
oye Ak CuIDE AAS] A3 YxA, T4
ogkE, 123 oHE2 Fo2 AR thE 70 TellA
§% Fo ATATT F AT MIES Call,
2 Ax T F57H3l ARE-3}4) Ethyl 2-bromoisobuty-
rate(2-EBiB, Aldrich), dimethyl 2,6-dibromoheptanedioate
(DMDBHD, Aldrich), pentamethyldiethylene triamine (PMDETA,
Aldrich), anisole (Samchun Chemical, extra grade)-> X 2]
A4 77 glo] AF&eFSIT)

Ad HxAL] M. T AR JHAAIE 2-EBIB (435
mmol, 0.850 g), CuBr (4.35 mmol, 0.624 g) 2} ‘31‘7/1] 3-way
stopcock= ZF= 500 mL G- v Z2fA=e] Y1 10
i+ BeF ALE purgedte] RS AHAE AASISIC
Sl el 2E]@1(0.8700 mol, 100 mL)Z £-7H<] anisole(100
M) 9 Ak AR Slo] & HolLE 0%
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?—F'/]_ﬂ_ 7‘0—%.9_ -&:]/(—1541:1 “rl:l]-—g— 6].031:]. ]Fql .Q_oﬂ
o A g RAelA FEY AFAE @} o
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e ABAZE DAL F FH UL B UL
E31=2 methylene chloride MC)E #7135l 3|4 A]7]
F QFol 208 2E B g A

gk 2 F kgl 23] A4 F oBAA 2EAS
e F Aeold sl Fo ApARAZL olEAE

WA A| = DMDBHD (5.25 mmol, 1.82 g)Z-, CuBr (5.25 mmol,
0.753 g), styrene (1.05 mol, 120 mL), 2] anisole (120
mL)S AHgshel whelzhg Ad) AAAS} vhzA R
gAdste] o) Fakg Ad) AAAS Ak

E% s A . ol AT =5 e HE

A7) A3 flelA F3E PS Ad AMAAE AL
E‘r. 23R HoS AW olF 5% T EAE 8
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317 913 = 28 Ad] ZlA1A] (0270 mmol, 3 g), CuBr
(0.270 mmol, 0.039 g)= 3-way stopcocks 2= 50 mL 3
=+ vbg Eekage] @i AdAAAAl AL 22
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3, SEFAE £BA (0.027 mol, 4 mL)ZE, & olAE ¢4
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A BEEeE A=A A £5 T EAE
7] 83l olF 28 Ad ZNAIA] (0255 mmol, 3 g), CuBr
(0.258 mmol, 0.037 g), ~-BA(0.027 mol, 4 mL), OFH|E (3.74
mL)= A3t olF EF TEEAe 2 WHes
A skl

7HEd. R o5, ASES F5EAE S0 mL
T v ZEka3e)] Wi dioxane(F5 AL T
48l)of] =<2l & 35% HCl(ester”]2] mol 2] 4¥l)E 7
7¥SEAL 110 CollA 7okt 6A17F Fol] Hhg-&4<&
A7 A BAAZ F HEFe® Eo)7h HhS=(dioxane,
HCHX 3|A FHE7|= AAZ 5 k5 53k Ad=2olA
g7 x38)5 )

53k ksl & deolzl PS-h-PAA BE TEEA
E THF : #&k2 (95 : 5 vw%)Eulol] 5% (wiv) £2io]
HE=E 55ck 7] wghZel| %2l NaOH ¥3}-8-42
A7) AAdES FEste] Mg ® FAIRE $ 150 C
oNA ST T3 AFAEAA PS-b-PAA £F T HAY
sodiumsalt, & °]2xHE A9t}

4. A= A AAAR EF S EARF
I FAEF XS Fst7] 9130 Polystyragel ZHH (Wa-
ters Styragel® HR 1,3,4,5E, 4.6 X300mm HPLC column)®]
AZ2% WatersARe] AR I 20lE J89)(GPO)E A
3}gd o 2= THF, pump+ Waters 616 HPLC pump, 7
Z7]= Waters 410 RefactometerS AE-3}9t) 282 6
el PS EFA| R (374~2160,000 g/mol, My/M,= 1.03~
1.09)2 ARE3te] AL AYNAA, &5 353
A, 7leEsEe] F25 E1s] S8 VARIAN 300
MHz #2t7] F77] NMR)E AH&stgl e, &oi=
CDCL2} D,0OF ARE-sHSit) ®=3F &5 F53A9 1t
E91S 'H-NMRE] "HAn2 Abelich. 55 3%
A, 7hEslEd 3 (ol xRS B (car-
boxyl7], ester”])e] H3E 2ls)7] 93] MAGNA-IR760
sperometers ARl th AxH ZEAF W o] -]
T2 574317] 913l Perkin ElmerA}] DSC-7= A3}
t} ABE 20~250 CE 13} heatingZol] w3}
20 C/min® = 23} heatingd}gc} 5F3E2] ZE24
= 3<¢lsl7] Y3 JEOL 2000FX transmission electron
microscopy(TEM)E ARE-3}3t}. A| &+ PS-h-PAANa &5
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alkyl pyridine imines, alkylated tris(2-aminoethyl)amine (TREN)
oo AYPALE o8] o u]go] wo] £7] wiio
triamine ¢! N,N,N'.N".N' "-pentamethyldiethylenetriamine
(PMDETA) o] 7-2] Svijlo]l AHg5t 2lzhe oA &7}
olgfa A ek F3F Al FiR AMS-F+= CuBr
o] oF2 AR} FUdE B AREEIGlen ERlER
AREEl= PMDETA 4] Sulls=9} 22 = F43t
itk o}A] @3, styrene : initiator : CuBr : PMDETA =
200:1:1:1 2] B8] 50% anisoleol| A F&3tic) 7l
Aol <3 A5 2efele] A BrhE o] Ageli
ekl BEAAL A B 2 TEAE
o1, o thA T WS AL 4 9
MAAR o]&Hr}. Aolad SFrlle &7y 2=
BHAA AAsGE e PSe] w]guel weREof 23]
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Dimethyl 2,6-dibromoheptanedioate

PMDETA

Br

monofunctional PS

(@) (0]

1
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HCl
n m
(0] OH
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Scheme 1. Synthesis of PS and PAA block copolymers.

Aol wlsl] A5l Skl Ak 2F AE el A A
o2 oAgAZIY. EAEFS PS EEARE AR GPC
= Ao n® vwA AEgE EAF Fho|2s GPCel
Ao M, 3= 1HE ARESEITh

Figure 2= ©]5 2812 K) At 7§A1A1¢] 'H-NMR
spectrum .2 7 ppm Ao XA€]E] aromatic ring
(-CH,-CH(C¢Hs)-) 1=, 2 ppm =3 ]| alkyl proton ==
7} ehdozA ps Al ANAS FEE sk,

20 A &

Br

difunctional PS

x
CuBr
PMDETA
m n m

PtBA-b-PS-b-PtBA

b-
Eﬁ: - . ijjm
o) OH O OH

PAA-b-PS-b-PAA

=5 TFEAY F4. Scheme 19]] Yehd nfe} o],
-BAS] o|F, AF &5 FFHEAS 2 SelA 3§
Al A2, o5 ARS8 PS A JHAAIE AREEESe
=, PS At 7WAIAL] 4% mx7FA] 2 CuBr/PMDETA
Zufj Aol A =A fm2] 50% o}AlE, 60 CTolA 53+
<= AlEgslgie). ATRPOA] &0l A= Bop gk 3k
= 3= 8% 9L gk +BAY S v=A4
f19l p-dimethoxybenzene (DMB)ol| 4] Xt} oA E©
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PS(108)-b-PrBA(30)
Mn=12 820 PDI=1.15

PS(40)-b-PrBA(12)
Mn=5 900 PDI=1.12

Monofucntional PS11k
Mn=11 100 PDI=1.10

Monofunctional PS4.4k
Mn=4 400 PDI=1.07

Monofunctional PS4.4k
Mn=4 400 PDI=1.07

T
30

PS(40)-b-PIBA(5)
Mn=5 000 PDI=1.08

Elution time (min.)

(a)

Difunctional PS12k
n=11770 PDI=1.12

PfBA(25)-b-PS(113)-b-PBA(25)
Mn=19 350 PDI=1.10

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

PfBA(10)-b-PS(87)-5-P/BA(10)
Mn=12 000 PDI=1.14

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

P/BA(14)-b-PS(51)-b-rBA(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. (%) M., o Mucec' 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.

U DMFZ2 54 &9i7) wks-A We] 271e] 4ksi=l
Cu(IHXy2] &3=F S7H A, & € el S+ deac-
tivator?] FEF5 S7MAA, BES §58 =33 SARF
TEE EZF GolA= AAE sty Fe] oS
A 2R B v Qok? wepa 2 Aol V)
Fo] ¥ A5E EUR ko) S8k opAES

Eg|H, A274d Al1Z, 2003

Block Ionomer via ATRP 21

solvent

T T T T T T T T T T T
10 8 6 4 2 0 ppm

Figure 2. 'H NMR spectrum of difunctional PS macroinitiator
in CDCl} + Dzo

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

macro-  conv. b ¢ mol%P(BA)
initiators (%) Ve Meare M PP @iy gy
PSM44k 9 4900 5280 5040  1.08 13

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

" 34 15500 18000 17530 1.14 37
PSD5.6k 13 8900 8750 9200 1.12 45
PSD9.4k 18 11700 12080 12000 1.14 22
PSDI2k 22 14590 20440 16640 1.13 29

" 37 16500 19400 18200 1.10 35

“ Reactlon performed at 60 C.
? Macroinitiator M, + 128.17 ([(BAJo/[1]o * conv)
¢ Calculated on the basis of the DP determined by 'H NMR.

e /\]-—9“3]—"41’/]— +BA : macroinitiator : Cu : PMDETA =
100:1:1:1° E¥|2 AELFEL _1-?_13].0 S Z017] 9
A ] ABEE S 1o} ALE LA A
o7 S o1 s S 2 Pro
IISts AR < = 4L %0 ST S A
L3t A= EM‘ﬂr HEH IWAAL} A B T
Z3A19] GPC chromatograms= Figure 19]] ‘4—51-‘/]] olt}.
EAEF FE7F 110~ 1LI5E vlwd F& 295 49
o ZA Fe% uni-modaldt AFEE FAS YE
ek =3 FEIAAE TableZ"ﬂ yeh glek

Figure 3 412 K) 5= 253412 'H-NMR spec-
trum®]t}. 7 ppm LAl Z:E] @lo] aromatic ring (-CH,-
CH(C¢Hs)) ¥1=, 1.4 ppm A< tbutyl7]2] methyl ==
7} sharp®lA| YEREC ™, 1.0~2.8 ppm LA F39]
alkyl proton ¥|32 E£5 FFIAS] 725 1T &

A7} olF PhelZ FYL ol BF olewris 4 21
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CHCI,

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

th +BAS] 3% (DP)= PS EFARE o]|Fo]A
GPes} 431 akx yws) gejolel cha ge1e)
o)z} i = 9l7] W] 'H-NMRS 53 AA| w7
7} aromatic ring®] ¢4 WA v|E AXME = o)
uebr] E5 F5EAY AA A o 2ol
#8 4 gk

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

GPCS} 'H-NMR<E &3l w4k 3l #Ap #x2h 7
%9} AL 3Helsle] 2 x4 B
AEgeL AT 4 vk
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He oler]2 Al Bk gAsE Y 349
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1% EFehn G AL ol ATRPE FH3))
ik olelg G rhee] gt AaE )
SAAA el Solsl G vhsloks g o

2 Fule] Slge & 4 g7 Bk wd Fvo

‘3}% g2 7lo] 7}5—:“%—2171% gkl WA kg o
= 7Fs7del ik

S. P. Armes 52 sodium 4-vinylbenzoate (NaVBA)S
ATRPE ©]8-3}] CuBrbpy ZHiE 20 C, &8 Ao
A &HABEAL (conv.(%)=80~99, M,=7400~ 13400, M, /M=
128~132) & t}E #5499 ==FAIl oligo (ethylene
oxide) methacrylate(OEGMA)%. HA] -2 vpHo g E-&
TEYStk nasig. 2 Apedds 2% 35
SHAS] Aol el olernlE FslnA Stelch
2 Ao AREE BAC = rbutylZ]= 73l

ch,
fl

I
ol
ol\
ot
_)&
~
o
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7} ¥lmA 4 EI7]0|ER BARYEH tbutyl’]E
lﬂfﬂtﬂ PAAE ¥& 4 3tk PS-b-P(BA) °lF, 4%
E5 35 rbuyl7|E AABT S8 $lelA &
AE £5 IS 14-dioxane (B2 A A 49))
o Fo]x FeFo] #gk Hik(ester”] B2 4vl)S P
= 110 ColA 6A1ZF F<t FFAF T F5EA= &
el 2 Hgtom i WAk F9A ZHFloh vk
o] ¥ ol =2 14-dioxane?} HCIZ 3] 7]
2 AAB . A AREl Sl ol2E7]€] depro-
tections =3l ¥z PAA= CDCLE} D,0°] =3} &
o] o] 'H.NMRZE 2913}l

Figure 4914 ‘/]"4"]’“"] =5 3-?%**]"1] ¥+ 14 ppm
2] rbutyl”] 7} AR EE & . E3} FT-IR
< A 2 A3}, Figure 5011/‘1% 710] carboxyhc acid
9] c=02] Fu)7} 1700 cm™ H-Z A poly(-butyl acry-
late) (P(BA))®] C=0 #|Z Xt} ¢ Lq711 el e H,
2500~3800 cm’ H-<Zo|A O-H &4uw7} PS9| aro-
matic ring®] C-H ¥]=.9] 2800~ 3200 cm lrJr Z2 4 broad

A WFERE o] 24, PS-b-PAA =% FEIAE A
TAH o7 IAEYL-S o]&A dojzA wE
A= 2Elgle] A /‘47], acryhc a01d-4 AFA71E 25

AYE kA 37| Fglon, njde] A4 &
A 59 AR B AR olUg}l ko c)ek
== 8o 7=k

23 22 ojenmE Axsp) 9T we was
o]561416 o) Ou:] 13 Kabanov®] HPHS xlg3lac)
PS-b-PAA 5= ZZAE THF : =ehE (95 : 5 viv %)
o E3 le] NaOHE wEhge] E3} Abelz )

Dy
0" O
Gf*s{\ h

«
\

(b)

3.0 25 20 15 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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sog 239 Hrhge et el Aol A ol
2 w7} A= Qe (Figure 6).

o] AH=S HEsla HeEE FARE T o A4
7= 2 HUg AAP] S5 150 T =2
ol 4] ﬁ%ﬁéﬁwu} o]Z A F3ket Fof FT-IRS
& 1700~1730 cm™ Hloﬂﬂ carbonyl7](C=0)2] &
7} 1600~1700 cm™ (asymmetric) A}o]of| A Z3}=
2e]7]e] FHel o3 YA velha, 1400 cm! (symme-
tric)ol| 4] A Z-& carboxylate salts®] C=O stretching 5
w7} Yebg2-S 818} thFigure 5). %3}, 3500 cm’

F-29] broad?dt F|I+= salts: FAE o A7 E2] O-H
932 salte} =2 ek £A2ZAF ulol Yeh=
o8 AAZIT} o]gA| o]FojAl o]lewre] dA
A& DSCE Falslgich

Figure 7E 247F o552 A ANAIA|, PS-b-P(BA) At
3 B2 2z, o9 ArvelE Jeln FaEo)
DSC thermograms©|t}. &o]& F3= ©]8-3le A3
Ph. Teyssi¢? Aitox= 5= F5gAoA ZH2te)
E5 3ol vsBiAY PBA)S] ko] W A§-45 T
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Figure 8. TEM image of triblock ionomer (sample 5).
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