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W FE RASEIENEXRZBBRY(PSACPOENIIZA, ERTEZHGHSHNS
FEFTHER(MAA) FREARR(F-BHRE) (HPMA) MR EILRY, T PSACPC I &R
ZEAMBEARNITN UAERB_REBLEANRYIR.OARYARNER. ABE®
R B E A H (GPO) AL/ (IR) R FE IR(NMR) (B BB A1 (DCA) SR 1E T ik Bt

HEY.
XA AFEERBAES SANENREIBSLSTIHRMMNGR, HHERRILRE,

MAA Hl HPMA X

EHAETFRESEERKKIMA SR EERH TS RRB IR R ANk,
HHEEA A ECSRANARBELRBYNEEFR Y, cHREE . BARESEE,
REBEERSTESTIMNARY AREFRESAEM RREE. ARERRITRS
¥:31 55 R AT 5 MM 3] & 77 ( Sequential initiator) B33 5| & # B 2 |1 #) ( Insferter)
w4 B4 F31 & | (Macroinitiator) 5~ 3 f1 B R EHE SIS k.

HHERBRIARSTEEEATHREEESYN SR X XEAEXZEMNEHAE
TFEA MiEe54,4 BRECU-RERBEI IR EERTEAREAENBREZEREDY
(PS-ACPOYRA-FRIEA. EZRMIHE LHBEESBEEEN K TEHHES| ZFHL
B E, BRI St A FE Bk, MAA, HPMA I8 Ak BBt B Y. B4R ik i
BN ARERESP, KEE P REAERAESIHE PMAA-5-PS, R IR B ARSI
EFHTEENKKES SR PS6-PMAANY KN E TR B Z S X280 Bt
EPHKRE SR PAA-5-PSH B MR FFHEMNY TEAHEHR . A XA N R
BEFEGESUHOEH PSB4TR. BT HPMA W HEFRE S, FEHEHEERXZE R
EFSIEAR XRCIEREZERPETR-SIERECEATAEFER, KRG K
fRH % PS-6-PHEMA, A KRB R S BT LHAB THERE HER S, HPMA
WERELARPTEERS AR TEHESREATERE, S REBYHT
TFRIE.
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B HBE 10%KSEHE. £Z8(S02 10% w. t. NaOH KB E K%, T
K Na,COs & CoH, TH#HE, BEX K FEFBBR(MAA) . FERERGBAR)
(HPMA) . ZF T & MEkm . AR A CRE N, N HE FRE(DMF) . —_HE TR
(DMSO)YSEIHE PR, B AL, TREMNERREIR TEam.
4,4 BE G- RELEE)(ACPC) BB @ - 3 SR L ACPA R ISIENA M.
1.2 PS-ACPC TR a2 5

BHBHTFHTRARERZETHORSE, AF L 8B AHRARNIN,
R A EACE, WErkn, TREEFR, HESRSIFAE ABE, B Smin 5, &
ARG, RRTARLE B L E, RN 1-1.5h AEETHRELBERSYE
BEAREG BRMPSEINETTEHES A EEGA ACPC MR B K
(1.35¢/10mL ), EARNKPEEARRSRAS, BHERHE 0nin. MESYER
AXBEFMIRE, HESREAEE PSACPC TIEY . S WRARE, R FRUUE
g4 ¥EETTRERE, RESLRE.
1.3 HERARSHESK

HRBEIEYHEIEAWT
n-CiHhLi ... (DACPC
CH,—CH GRS
7 o :
PS—C%H;—CH;—?—N—N—{E—CH;-—CH,;—C—O—CH, 1 PSACPC
CN CN
or
<') CH, CH, I
PS—C—CH,—CH;——(‘:—N-N-—(lj—CH;—C}{Z—C-—ps 2 PSACPC-PS
CN CN

M;
ANz
B&EFMA—ERY PSACPC. B R4 U RERM, BE/SERK 10min, B
A%, HAERRY, E—ERE FRN—BNEGEHE, A ARERETRERNEY. T
BoEE CHOHHRIE_HEYED FOABRELEBEY, BIANTYREER
xR,
1.4 E
FLEHEVLUREZES HPMA (B E 2 F B GPC Waters 208 {{ 1M
B, LA THF KR, & PS iRAR it B4 T B LS KT Nicolet SMX (X E M, KB JE
Fr B3t IR % 7 Bruker ARX 400 Spectrometer | M, LLT4T DMSO A#H R, TMS A
ShbR; SRR MG DCA-322 MY M.

PS-b-PM; {PM, = PMAA, PHPMA)
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2.1 PS-ACPCHYS ST
B PS-ACPC BB WA 5 W PR T 100% . AR ME 1 .

Table 1 Synthesis of prepolymer by anionic pelymerization

Benzene THF n-BuLi St ACPC

(M.des  (M./ M) (M) (Mo M, s mcrn:
{mL) {mL) (mlL) (mL) (g) e ™ A Feacn

100 ‘4.5 18 14.5 1.0 3270 1.5 3920 2.5
100 4.8 18 20.0 1.3 6590 1.3 6950 2.0

100 4.8 12 20.0 0.6 10800 1.4 14400 2.1

A GPC Bl s FREAD W MIE AT E 4, PSACPC W4 TR H PS B4, X 2
B9 ACPC BBt &4, E L& - —/ PSR, AT LA FRHE £ — 4 PS & B,
W2, M TRATER HA M, BEFAX—SKE, XEH ACPC HE: T —4 Ps,
BT E B o1sH.

PS-ACPC(M, = 2600} IR i# B ¥ E 4 700.750.1600em B M F 1740cm " T4t
Wi C—O Wug#s, TTLIIER ACPC ELER TR¥Z4 . B FERE KLY PS
ACPC(M, >3000), HASMIGER E#EM C—0 RiKiED g .

2.2 PS-b-PMAA ISR SR

ELPS-ACPCENFIRA EHBHIE 15C FHTHER S, BEWENTEHI®
FEAKS TEREIRE - SH(MAAR S, RS AH 22h, BRARELEY. T1
HiETIAE 2.

HMERPYETUE S, YR Wy / WesBU/NRE, MAA $E L3RR, i W/ Wes
RELLNF B, S BB F 5. Iﬁ[ll]gﬁﬁfﬁﬂﬁﬁﬁbglﬁﬂfﬂgéﬁ pre-PS i B 5]
& MAA FEX PR AN, th 5% I MAA/pre-PS H KB 55— Sbk st A iy B, (HZERD
BRE 3 1B, MAA B{L R B Fre.

WY 5% TR O MR, BS54 FRHE RN 415 PMAA 1
RBHMLLE MAA BB IEBL IE B Y, SR BT I R85 5 B35 PS HERBL R PMAA B
RARIRBITRY, XRS5 B AR IR EELH . HRIE7EZ 5 F 5% B £ (chitosan
acetate salt) FF7E T, FI A H B 2 MG HER & 097 i 8K B L B 9 PMAA--PS, 1% B3
YN T —ay Bl g 101

R & B MAA/PS 89380, W, (%), W, (%) Fi&, {8 8 S5 AL 15 R B SE B
WHERT Y Wo(%)FRBIK. BB WS FRHE My/M, S ER K MAA/PS ) 1%
E=R: Fif:of =

BEAFNHRBEIRYL IR EEH 700,750, 1600 3030cm ™ 1 4 ) 4 FF K (I 1245 11
B 1720em™ '4b 85 C=0 45 18 B 2700 ~ 3500cm ' &b i &, i35 B H—COOH #,
HIERF M5 PS-5-PMAA.
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Table 2 PS-b-PMAA prepared by the block copolymerization of prepolymer with MAA

M, Wis Wy, Wu/Wes W, Conv. W, W, LE M,/ M,
(g) €3] (g) (%) (g) (%) (8) (%) (g)(%)
3270 5.990 2,920 0.49 6.802 27.8 2.075(30.5) 0.932(13.7) 3.795(55.8) 2,15

3270 1.080 1.020 0.94 1.757  66.4  0.849(48.3) 0.462(26.3) 0.446(25.4} 2.1
6590  7.100 1.620 0.23 7.081 trace 1.891{26.7) 4.808(67.9)  0.382(5.4) 1.62
6590  0.209 0.127 0.61 0.292 65.4 0.182(62.5) 0.080(27.4) 0.030(10.1) 1.51
6590 1.880 1.810 0.96 3.272 769 1.338(40.9)  0.995(30.4) 0.939(28.7}
6590 0.196 0.301 1.54 0.491 98.0  0.379(77.2) 0.086(17.5) 0.026¢{5.3) 5.06
10800 6.410  1.280 0.20 6.250 trace  1.644(26.3)  4.012(64.2) 0.594(9.5) 4.24
10800 1.042  0.970 0.93 1.567 54.1 1.039(66.3)  0.360(23.0) 0.168(10.7) 5.21
18610 2.780  0.490 0.18 2.669 race  0.523(19.6)  1.847(69.2) 0.29%(11.2)
19100 0.400 0.450 1.12 0.814 92.0 0.103{12.7) 0.462(56.7) 0.249(30.6)

Block copolymetization condition: in 20% benzene solution at 75C for 22h; Extraction time 24h; M,: M, of PS
segment; Wps: Weight of PS-ACPC; WMR:Weight of second monomer; W, : Total weight of erude product; Conv. :
Calculated from"[{ W, — Wps}/ WMI] X 100 % "W, ; Weight of fraction extracted by CHyOH; W, . Weight of fraction
extracted by cyclohexane; Wi: Weight of “Pure”block polymer; M, : M, of PMAA segment in block polymer calculated

from 'H-NMR spectnum

B TR R K B R R A TE— & THF, PS6-PMAA R FREREH
A, 3 B % THF, 8N, 2. ZB%, B R E1 %74 2 DMF fil DMSO(E R
HIREE) . FTARH DMSO R F M H-NMR 3%, Wi LR FHRAE A fIFEFL
R TEASMEBR, B TAXNBH MAABRKS TE.

M, = 86/104 x (A/B - 0.6)M,
i %18 PS-5-PMAA i PMAA B TRAH PSBE.

B R A i B SE R M A W R ARAE (29 10%), X T PSACPC FIRWA K
LM RBIEH, BRAERE—HBIASTF, B—8H ACPCRE MAERALSBE, P
B4 TRV FRFE B, M T B e 251 R R PMAA HRY. 550, e,
HTROADESHNHED, ATLEEIE —LHRBAREY. A XEER BIHT
BE T RHRER.

AT o HEM MAA, HPMA S1ERF ik, REETHE « FEHRE
By Ik R TR R, MR TSR EEN A-B ERENLED.

2.3 PS-b-PHPMA M& R ST

s 5 = 80 £ S HPMA B, LA U BRI 435 ], 75°C TR A 220, BRI EIRIINE 3,
BHESEXFERX2.

HHRE FEDH AR SR IR #%, HETE LFE 700.750.1600cm "L FF R
Wi 1075cm 4k = R B C—OH ¥, 1735em ™ T 4b# C—=0 X 3450cm ' & O—H
e, HEMWMIRERR, B SA B ERAARELEY. 551K MAA JERG M,
BEEERKB IR = EHBRE.
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Table 3 PS-5-PHPMA prepared by the block copolymerization of prepolymer with HPMA

Ml dps Wps(E) WMz(g) WM'/WPS Wo(g) Conv.(%) W;(g)(%) Wz(g)(%) WJ(E)(%) HB dB

3270 1.50 1.800 1.000 0.56 1.897 9.7  0.522(27.5) 0.630(33.2) 0.745(39.3) 12010 2.08
6590 1.28 2.620 1.053 0.40 2,920 28.5 0.981(33.6) / / 8730° 1.74°
6590 1.28 0.183 0.116 0.63 0.205 19.0 0.062(30.2) / /

6590 1.28 0.198 0.212 1.07 0.351 72.2 0.216(61.5) 0.115(32.9) 0.020(5.6)

6590 1.28 0.185 0.307 1.66 0.395 68.4 0.230(58.3) / /
10800 1.40 2.591 1.030 0.40 2.777 18.1 0.814(29.3) / / 13360° 1.87"
14800 1.85 0.987 1.027 1.04  1.620 61.7 0.262(16.2) 1.358({83.8) 0
18610 2.00 2.850 0.910 0.32 3.338 53.6 0.567(17.0) / / 22330 2.80"
19100 1.50 0.900 0.450 0.50 1.320 93.3 0.218(16.5) / /

M;: M, of block polymer; dps and dj : Molecular weight distribution of prepolymer and block copolymer, respectively.
The other as Table 2; * Mixture of W, and W,

ARG TFREETR, =HNS TR M, LB EY4S FRER T, THS H5%, 55
WSETE AL T R BRIL B4y .
2.4 PS-b-PMAA #1 PS-5-PHPMA BB EshE4EE

Table 4 DCA of the prepolymer and block polymer

Sample M, M, T(T) 4, 8, Ag
PS§* 41600 / 25 97.94 78.36 19.58
PS-5-PMAA 3270 7050 25 88.78 0 B8.78
PS-5-PHPMA 3270 8740 25 94.84 55.42 39.42

Wetting Medium Surface Tens. {dynes/em): 72. 6( water). 8,: The advancing contact angle. @,: The receding contact
angle. Af Calculated from 6, - 8,. * Initiated with a, ¢" -azo-bis(isobutylonitrile} { AIBN Yin benzene

AEZEHTEY PS. BB Y PS-5-PMAA #1 PS-5-PHPMA f 30 25 £ /5 35038
(R OTLUES, 5 PSHL, ELEWATEA 0, BN, SiBH 0, TR, LHE PS.
b-PMAAR 0, TRRIFHBE BT 0, REWER S AESSPHELEERE(ERE
REM) PS REREER), STLUAKTRK, T 6, RIEMEFE SWEN RS 68 HHRH
RITES, RKEB I RE B, SIERBIERYN 0, FTRE. £ M, I M, XX4E 0B
T. 81 F PMAA S B i % K4 th PHPMA B X, BT LA PS-5-PMAA & 6, tt PS-5.
PHPMA By FREE K.
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SYNTHESIS OF AMPHIPHILIC BLOCK POLYMER BY POLYSTYRENE
CONTAINING AZO GROUP MACROINITIATOR

PAN Jiayu, DONG Jianhua, DENG Zhuo, QIU Kunyuan
( Department of Polymer Science and Engineering, Peking University, Beijing 100871)

Abstract A new kind macroinitiator PS-ACPC has been synthesized via two steps reaction,
i. e. anionic polymerization of styrene, followed by end-capping the resulting living
polystyrene with 4, 4 ’-azobis ( 4-cyanopentanoyl chloride). The prepolymer PS-ACPC
containing azo group with molecular weight 3000 to 19000 can be used as a macroinitiator for
block copolymerization. When it was mixed with methacrylic acid ( MAA) or 8-
hydroxypropyl methacrylate (HPMA) in benzene or tetrahydrofuran solvent at 75C. The
decomposition of azo group on PS-ACPC tock place and the PS radical would initiate the
second monomer block copolymerization. The resulting block copolymers were characterized
by solubility property, GPC, IR, NMR and DCA analysis. It was found that the molecular
weights of bdockcopolymers, i. e. PS-5-PMAA, PS-5-PHPMA, are higher than that of
prepolymer, respectively, and the descending order of contact angle is PS> PS #-PHPMA >
PS-5-PMAA.

Key words PS macroinitiator containing azo group, Methacrylic acid and #-hydroxypropyl
methacrylate monomers, Free radical block copolymerization, Amphiphilic block copolymer



