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1.1 FERH

R RERIE TR _HmESLEH
ETHERB AEAN_E " FEALIBHFET RS,
VO SR E BN A K B TR T 281 2, 2- BRI e
(bpy) HECIKELE R RITFHMERZME(M, =
10500, PDI=2. 0D EAZTREHE . ZBE . T Kk=
Fibs ZEBT SRR T B S ALE (TBAC) A
Tk W RE By S AT e AT AR Ak
1.2 BEZHENZEL

BREZH(1.54 g,0.0145 mol) 78 T T 18 “Hidk
B M ABEHTMAX A =ZRLE0.45 ¢,
3.37 mmol ), Z Bt % (0.26 mL,3.36 mmol) Al ZHi{k
B0l WBEEEMMBRNERP FRR
B2h)E, BRI P UL, BRI MHM~WET
WEsmEFLRE, A5 TOCTEE TR, 482
REL B % ZBHARICh PS,-COCH, i@ N 1.655.
THHEARAENLGELRE E LB (PS-
COCH,) .BpmmZmEa M =B RN, Rk
HOCABUEERET . “YWREH .3 g
1.3 ZBRUMBEZHRHER

PS,-COCH, (0.80 g) % F V4 S vk 5 o, 10 A #
S R R, SR TE 4SCHEAT 14 h T
PR MABARRE, SREREHT AGH
—H RISk WOKIE -, T S0OCHET T
B8 - BZEREZHBERICH PS,-CH{CH,)
OH,i & % 0.79 g. PS,-COCH, {C.80 g) £ it 44 Il
HBER PS,-CH{CH, JOH, FEE& X8 0.75 ¢.
1.4 PS-CH{CH,)OH HBE{t

PS,-CH{CH,)OH{0.65 g) B T T M &~
Hh MASER B, BHE IR BHGHPE
ERHEN BRIEER™ « (LBER)LER
#Z K (PS,-CH(CH, )OCOCH, )}, B # — S ai{r 5
ERAETTHR,”WHEER 0.69 g PS,-CH(CH,)
OH(0.65 g) ¥ 1 # 7 ¥ 4 PS,-CH(CH, ) OCOCH,,
BEHNOT g.
1.5 Py-CH(CH,)OCOCH, MRt — B B
ADFIEANGEE

PS,-CH(CH, } OCOCH, (0.56 g) & F 15 mL B
AL A 10 mL EEE A TBAC(0.5 mL) , HE 4
B 45 W BEHEASEFER HAYEARES
FEEEETY SEBLEGLERESTER ™

WMo RIEFEEZERICH PS,-CH(CH,)Br, E
H0.56 g. H H{E & 4T, PS,-CH(CH, ) OCOCH,
(0.56 g) L PS,-CH{CH, )B:(0.54 g).
1.6 PS-CH(Ph)Clgh%l&

DERERINEZLBEA ER EAETHT
BEALMA BRI &G EAKRERER E
RAEAETGHAT AL RKES « FPBERE
Z %% (PS-COPh) . o- EE R EREZ B (PS-CH
(Ph)OH) O o- A BV K 7, 4% (PS-CH(Ph)CI) .
1.7 ATRPEHEES

KAF5 & F (PS,-CH(CH, ) Br) (0.1 g) . 7R
L W4 (0.03 g) \bpy(0.1 g) A AHEEIE THES(2 ml)
MBEEGS mL)MAPRBEHED 8B %-L=-
RA-BHEIRKBERE, TESRERES . OCK
MAhBHEREGWHPERE, 23 BNNK
BOEGAEETHSEN FRARLEEEHY
b, HER RIS R =Y P(S-g-BA) .
1.8 FHHRIE

R AL M H 3 7E Bruker Vector-22 £15h i
{22 -5 P B L0 8, L CDCL, A TE 300
MHz Bruker R IR IE A2 BRSPS Si%
Mg, U PoL B CTHE K 2 H7E Waters
IS0 CEREBECIENITAEREYNSTERE
Haf.

2 ZRMFR

21 BREZHENZBREL
SHERBEZBHITAPELER, 25
AR ERTEBELR N BT S S . fHn,
CHAREFRIGEE D, 2B BETLIE
SHEMEK =B BFREH, MAR
SMEFRMAMBERETHR
BERAEMERZSHZ B XL ™9 (PS,-
COCH, )FTIR #I NMR &7 P10 & 1.5 2 M 3 f5
7, @ B BE (PS,-COCH; ) H-NMR i a1 & 4 BT .
PS,-COCH, # FTIR 3§ 7E 1683.1 em ' 4 i B
C=0 iR a7 1% . £ PS-COCH, 0 H-NMR & &,
RNAEMERABNZBEEFMPRE:; 5 PS
M 8715 A I 0E S, 1 87.6 b M
# @ AR P S OREAAES M E  h 86.54 4b
EABETH 7.6 BFHMBESBHETNELE
ROIEBEN T WA BRAAE, PS,-COCH, 1 PS,-
COCH, 4t %24 80.27 # 30.50. PS-COCH, 85" C-
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Fig. 1 FTIR spectra of different polymers with low substitution

degree
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Fig. 2 'H-NMR spectra of different polymers with low
substitution degree
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Fig. 3 " C-NMR spectra of different polvmers with low

substitution degree

22 ZBRUMEBEEZENER

XEk PSR EE PS-COCH, # R 1K
PS-CH(CH, ) OH™ ,{H B S {41 & % k FOE A
BOHEMASES, EHFERABEILPHEIER
Al.2ERWMIAAHAE TSRS B EEEE
s TPED, RSERMAR PS-COCH, &)
PO ok g, RN AR R A A, AR LR

Alik 100% 3R JEFEH) PS-CH(CH,)OH 0] 5 1 /% |
R CHAAEG ARBRABETAK, BAHET
ECtEMBE MR /4T ,PS-COPh L Z £
AJE R PS-CH(Ph)OH.

fEEALBE PS,-CH(CH, ) OH # FTIR 1 NMR iZ
SR mE 1 E 2 A 3 BrR, & B E PS,-CH
(CH, )OH ' H-NMR % 21 4 B 7R . FTIR i3s3
W 5E 4 T 2K, 1089 cm ' Y B B H-NMR i /9
Z BB T A 4 5 7 B 5 A8 R0 7 e
%7 84.78 40 BICH(CH, YOH B9 i T4 . iy it i
Ms654 MEFRFTFEMBLSEEITESD PS,-CH
(CH,)OH #3 PS,-CH(CH, ) OH R 53 51 4 0.25
F10.50." C-NMR 1 JC 3 X 0, 15 870.4 4 4 B
CH(CH, )OH ¥, {iF 3£ PS-COCH, S 2 ¥ 444 PS-CH
(CH,)OH.#1F PS,-CH(CH, )OH £ CDClL, %M,
B IE AL EYE  NMR 37
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Fig. 4 'H-NMR spectra of different polymers with high

substitution degree

2.3 PS-CH({CH,)OH HEE4

HEARL A PS-CH(CH, )OH H ik, Bl R
MR % BT B TR AL B 7] Bk 4 AR AL T H PS-
CH(CH, YOCOCH, WYL {L, X[ iEfE T 4.

{E B L E PS,-CH(CH, ) OCOCH, # FTIR
NMR #3012 ME 3 fx, &R E
PS,-CH{CH, ) OCOCH, #J'H-NMR #iIE 4 Fix.
FTIR i& 7, 1089 em™ ' (1] R RLUE I 25, 7€ 1736 cm ™'
BB I H-NMR % P 7E 84.78 L FR B -
FeL % CH(CH,)OH Ji-fig5E 2%, £ 55.82 &b
Bl CH(CH,)OCOCH, #) FF{E ¥, h i # F 56.54
PEFRE TN ES S EITHEE PS,-CH(CH,)
OCOCH, #1 PS,-CH{CH, YOCOCH, M B, 4r 7
HO0.23 F 0.49."C-NMR EFBEXH o« B HE
CH(CH,) OH #& % (370.4) 1§ &, 7€ 372.2 H B CH
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(CH; )OCOCH, #i kg, 7E 5192 &b th LCH(CH,)
OCOCH, & BRI .

2.4 PS-CH{CH,}OCOCH, 8§ R{—F B #E
HAFFSIZTBAE K

FEAXBREIBEFERELATEHTR
BEEREZMEM " PS-CH(CH,)OCOCH,
iU PS-CH(CH,)Br, YA/ BR THXE, X
EHEAR «BLBERZLE.

{ B8 B PS,-CH(CH, )Br i) FTIR ! NMR i#
SMmE B2 ME 3 B, SEAAE PS,-CH
(CH,)Br #1'H-NMR & WA 4 Bf & . PSI-CH(CH,)
Br i) FTIR #7478 1736 cm ™' Zb B FE 0§ 3 K ' H-
NMR &, [ 55.82 £ 89 CH{CH, ) OCOCH, & ¥
4 ,7E 85.12 1 52.00 44 31 & M CH(CH, ) Br #1
CH(CH,)Br 8 i ¥ ¥, B CH(CH,)Br J T ¥
36.54 b XA R FIEHB G &EEITE L PS,-CH
{CH, ) Br # PS,-CH(CH, ) Br HERRJE, i+ & %
0.26 1 0.45."C-NMR &+, /7 872.2 8 CH(CH,)
OCOCH, BRI 2% ,50.1 &b & B CH(CH, )Br 8% .
HE 4T LA, BB PS2-CH(CH, ) Br 7% &
AR R4 R CH(CH,)0COCH, M, 3B M et
EA#HAHATE.

GPC # & IRER{CFE PS,-CH(CH, )Br 9 M, &
13000, MBI EM PS A FEITEMBERMEY
13400, HEHEA K M M, B2.0. 7 TROH
BAEEN.

PS-CH(Ph)Ci

PS-COPh

i

Fig. 5 '"H-NMR spectra of different polymers from PS-
COPh

2.5 PS-CH{Ph)CIRIH &

F AR Ol RS Tr B (RO AT R B BEAE L iR TR A
4L KB, 4 548 | PS-COPh. PS-CH(Ph) OH I
PS-CH(Ph)Cl, E i1 H-NMR & 1 E 5 FiR, £
BRI (B A R R 25 B AL SRR i S # L T
DA EEAZANEREEEN AB#ES
&R RCE R 0.13.

2.6 AHEBMTEATRP ERERE

Lu % A PhCH(CH, ) X/CuX/bpy #17 T H Z
BN EEREMN ATRPEAS HEERE E
FE B PS,-CH(CH, ) Br fE 5 51 &5 i 17 8B B 5 B
EELHK, A ARESHER PS,-CH(CH, ) Br 3#
TBAMBHES FBEBASEHM, EEERY
P(S-g-BA)BBMARFEERBRER, RELBRS
AFTLP.

Table 1 Craft ATRP polvmerization of BA with PS1-CH{CH; )Br { M, = 13000, PDI = 2.0 as macroinitiatorat %0°C

Reaction time Conversion of BA

Polymer

Initiation efficiency

NME resubt GPC

(h) (%) SUBA(mel) M,  Gralt length M, PRI
P{S-g-BA), 5 15 2.49 21000 2.5 18900 2.70
P(S-g-BA)," 2 6 1.41 23900 6.8 22800 4.40
P(5-g-BA)," 5.5 55 - - - - _

* Polymerization was carried out in toluene (5 mL} with macroinitiator : CuBr : bpy : BA = 0.053 : 0.012 : 0.042 : 0.1 ¢

b Polymerization was cammied oul in toluene {5 mL) with macroinitiator ; CuBr : bpy : BA = 0.10 : 0.03 : 0.010 : 1.8 ¢

" This value was calculated gravimetrically .

P(S-g-BA) B9 FTIR i 7E 1734 cm™' &b i FU3R
AOBE B LIS (P 1), 'H-NMR % (& 6) 7€ 34.03 &b
HEL BA £ 55089 COOCH,CHCHCH, & T ¥,
B 86.54 L EFF MRS EETE S
P(S-¢-BAYRIH A B R {L 3, Bt — P K5
FERMMG FEREEEZYR LS TR &R
FIAFE 1 RTAE 35.14 AL FHECH(CH, ) Br M F

W, BARRATFIIARNNATZETR, dHEAE
SEERTREIRUE . GRUIIAEK LR KH
S| KB R KT 51 KB Ty RE B 52 L i (8]
REIN, X TRERS ZH 5 ZH ATRP L 7F
EHAE" o F A KRR EME BA
FRE P(S-g-BA),, A RETE H-NMR 7+ B i 88 R

% B89 C HCOOC, H, #1 i ¥ 5 COOC H,C,H, T F
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H-NMR of (PS-2-BA),

H-NMR of (PS$-g-BA),

Fig. 6 'H-NMR spectrum of P(S-g-BA)

W 4R ER BREARBRIE, P(SeBA), AEABGT BANBRERRA MRS RAX
HP(S-g-BA), BB R EAN A 11 M68. 5 B RERARXMIKRABRESS Cubrbpy K
P(S-g-BA), Ml L, BE K 2 B A] P(S-g-BA), b9y  BABRMABRAME AMERKRK A S

(ES NGy 3 - BEUH
LA PSCH(Ph) CL ¥E 51 % 70, B L 7 44
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SYNTHESIS OF MULTIFUNCTIONAL ATRP MACROINITIATOR &-HALOALKYL
POLYSTYRENE AND ITS GRAFT POLYMERIZATION OF BUTYL ACRYLATE

LIU Qunfeng, HE Weidong, YE Fangmao
{ Department of Polvmer Science and Engineering . Laboratory of Bord- Selective Chemistry of CS4,
University of Science & Technology of China . Hefei 230026}

Abstract  Polystyrenes {PS) with a-bromoethyl groups(PS-CH{CH, )Br) and bromobenzyl groups ( PS-CH(Ph}
CI} have been successfully prepared and the former with low substitute degree was used to initiate ATRP of n-butyl
acrylate (MA) .In order 1o avoid the crosslinking reaction during the preparation , the following steps were adopted:
the acetylation of PS with acetyl chloride, the reduction of acetylated polystyrene ( PS-COCH, ) with NaBH,, the
esterification of a-hydroethylated polystyrene (PS-CH(CH,)OH) with acetyl anhydride and the bromination of a-
acetoxylethylated polystyrene (PS-CH(CH, )OCOCH,) with HBr. As for PS-CH(Ph}Cl, PS-CH(Ph)OH was directly
chlorinated with SOCL, . Haloalky polystyrenes and the intermediates were characterized by FTIR,' H-NMR ,"C-NMR
and GPC and their substitution degrees were determined from the integral height of phenyl protons at 66.54 and that
of the corresponding characteristic proton. All the results indicated a complete conversion of different substitute
groups in the preparation process. Graft polymerization of butyl acrylate (BA} was carried out and gave out poly
(styrene- g-butyl acrylate ) successfully using PS-CH { CH, ) Br with low substitution degree as the ATRP
macroiniliator in cenjugation with CuBr and bipyridine at low monomer conversion .

Key words ATRP macroinitiator, a-Holoalkyl polystyrene, Graft copolymer, Poly{butyl acrylate)





