57 101 = S S S No.7
2010 427 ACTA POLYMERICA SINICA Jul., 2010
R 5

FMARBEBTER ATRP RN HEZEERESYWRERAK

% B AR Riz

— 1

AR R

(" PERERERIIER: Jbat 100049)
P EBEBALEDI T RS TR ER SRR B TR SR G S TRME RS Jbs 100190)

B E W DA AR B SRR ST R R SRR SR IG TR TR 9 ATRP SN 98l 2, e R
TR AR SRR Ty e A B AN SRAE A R S — B 1], A 1, 4-Z S8R AR R,
I A A HL L BRI B 0, Fe 245 3 - B T T RIE R G Y.

XEE ZEREIBRSY, WTHEEARERS, 8RR, RV

B HR AR 5 2 TR R U 52 14
Pl —" Y HHES T RILIV R AWML,
BB W5 T-HE R 5 25, HC v W A (A 5 1
BARY. 2 BILR AW THEAR SR A
KAREREM], T 75 70 TR — < I D RETE. iX st
RSl 2 R R R A WA i T e Dk
FERET S PR 4 A 22 AU R R R
VTR I A (.

BB AV TERE S5 BB I (2454
B, R BRI B AR B RS
TG — N EE T . 2RI R GV R
T SRR & B A R 2 e &
H, UHAE R R R AW B TR 51 & ik
S KERZE B RS, HELBELY
WG ER A HOR, IEEE S TR A1 ik
B TFRA! EHIFHRRE TEEA bR
A CINE 568 A hER A ATRP) 1 LKA ¥
INRG-W 205 R B SRR AT S Hoh ATRP
HAT T AT 0 T SRS L R I 46
TR, R 4 BB A E B AR, A
TEVE A R A ARG L BV RSN, 4
— A BB AW TR L SR, 5
LR EKM L, IR R AW 21 A &
25 R B TLA R R AN, AR 25 5 BB I 77 A
PRI , 33 i o 45 1) R T B B 40 R BRI,
AL AR F] 107 ~ 107 F AT 1 1 F 5 2
W, 6 P8 4 R A VAR A B i BB 5T 1, B

WE M ER S T RNEZEEEREGY, BRI
GAT LIS B B8R . AR S 32 BEARE R O T A
morFREEZY BRI RE YRGS E R, O
HMZILRE YR 1T L.
1 FEiKHA

ST (Cu'Cl,99. 5% , b 50 25 FkS 44k 2%
i A BRA T H RS Bk A Ve i J5 1 ik
HH FARAE N, N, N N N"-F 3 = 2, 3L =
iz (PMDETA ,99% , Alfa Aesar /A ]) DL 5% NaOH
IR S 258 KB B S B AR T - 5°C
2,2 -HRMEIE (2,2"-bpy,99. 5% , ¥ 25 4 A1 fb ~7 1k
FIA BRAF]) BECLRAE T - 5°C, HHEA R & .
AR (St) PN IE IR G (MMA) (&0 (1 ,4-
THEOSH(1,4-dioxane ) | HE | PO S G PR S5 R 1
o Aral, 8 CaH, T 2818 AT 2 AR
SR LA A

A 2 BEIERE YT &%
KRR O, R ARG O R A Tk
O A R S AL R IR LR A R I R
45K, AT IAER ATRP S 51 & 5. 8 bR
2 M = 16370 .M, = 56190, 3@ 11 GPC il 2.
Cl & iE A JC A Hrill e i C1 & & Ay o5
F i A DA I B SRR R o+
WA 69.7 MR
2 WKk

DABERSIE 5 (B35 5 /A OGO GRS I I 3R
EWI 4 F & R4y & 4 A E 4T 0 € (SEC-

1 2009-12-01 1k 2000-12-25 5 s 15 11 S8 FH5 640 (K453 20334030 50703044 ) ek FAR S B 36 A B K Mo A Ve BT
s 3 IR R, E-mail ; liweike@ iccas. ac. cn; zhangly@ gucas. ac. cn.

937



938

B

=)
LALLS, {4 3 £ % 2 3% GMHHR-H Mixed Bed

4 F % 2010 4
RIS FE RN R A B H] YOG 2R L] 2.
column , ¥ ] #% & Tri SEC model 302 refractive
index detector,, I Y & Ay I & Wk W, I 1A A R
1. 000 mL/min, £ & B 4 40°C | b5 2 W) 455
BRI RR ).
3 REYHEN

DU AR RO 20 e &), FE i 5 258 A
TR LIGH R, BEFETFR )G 90 min &4

BB EWN A s BEWE L s, Fa

//Ti‘o

SN K PR Y 1R AT e IR AR v Schlenk 7 AR
3.1

BERZ, In([ M, /[ M1) 2y 0. 38. 5| A LR I 2 H
ZERILREW AN

PSR 3 I, S AR HEAT 3 280 min B 2 A BEAZ,
In([M,]/[M])40.22. MIRGETI KL RS
(BN RERER S, SR CL R &SR
1 mmol) , FER I AR BRI RIT , 5 24 1) S JE 3R A 3k
e #2 /9 100
mL = R AR A S AL I 4] (0.0995 ¢, 1

mmol ) S Z% (10 mL) |l 52 1k 338 £ 4 51 5
(b L&A 1 mmol) RG LA (IR LI 5k
B IEENGTIR G, 0. 1 mol) I Z R BALE W)

FRE TR TG R, T L P44 1R G 1) A2
(PMDETA) =% 2,2"-HR AL IE, 1 mmol , R )5 76 <

ERGHERZRTLIER G IR

A RLE A EORR R, LU S RIR 0
LUK, fil w5 28 RIE RGP T A

IBARAR A A , BRI 22 7 A TR RIS R R,
PR T W B SO, S 8 — B[R], ] e

B> THEAR AT LA HCE A i B9E Bl, 24 R A B
I KE—ERE, W 2ZHRIBREGY 0 TG 2
g3, MRS W BE B B 10 SE il ik A I LR
UUVE, ZW Ve, B Co FLEWBR T R is 3 Hiamiy A ik, 24028 BRI RS W Z AR
BRI 24 h 5 1RAT

FH K A A SO, T A AR BRI P 2
TR TR 2 BIERAEY, BRI —

B () , 5 21 SN AR & P A R AN 1,4- 4R

ZNEFR(10 mL) &b, HA S0 AR [R] L
3.2 AIBERSWRIE M

AL 5 K0, o5 Lk R IK L0, 2R

A AR 22 51 AT RE AR A WU AE T ) v B S A IR
A K. BRI, RA W TG 2h J1 98, A R
KRR 2 RAHEm G 2 ) 25, A H /.
FREMRE S XEHERBEHIR G A R G 3 122 A 5 .
AR AT AR 70 B S i e 0 R A BE Y T B
PMDETA (1 mmol) , -5 EE 2 120°C, [ 6 h. RE U8/ IN , WA ] R A s A
Hil s vk R IR H BRI R 2,2"-1knikng 5 BREE
(0.002 mol) , BGIREH 90°C, 7 Jif 6 h. HAhsL =
Rt e 3. 1 5 AH[A.
4 B—RAFGFRPHESEERREYNI N
e

HEREFHESEERRAGYHNIAN
PO VIR 206 SR il i A 46 M

ARAVRE M B BAR (R 0) JLR, n]
PIFFEI A R W R S R A LIRS
Y. X BRG] DL — 2P 5] A Rt

TR 1,4-Z 50N IR SRR 2 IR & 1 ) ok
ol & 2B R RS WRIZh 152, 1,4- TN
1 ATRP J2, IRl ALAHO R, il 5 258 2P

Wl
RN RO 20 1 3R Y LTI TR HH BB AR 2 AN R

ARSI HTHS 1,4- 50N S ORI 1 1

LR G4, F RS T 2 0 R 45 07 50 (1) #E47,
BEW %70 G DU E. AT B, AR RO
L ZE R

R HNRAA R R, LU SO SRR M
G LI ATRP [N, A5 7E 50 min [P BEE

BN RO SR 5 3l 1A MR G B B G

A LA I B A TR T

b B B A%

JBE , BRI AL Ny 33% . s i 25 TR 5 T R
REW 0 THEE A 5 KGRI B R, A n] RE(E

G2 m v G O ERE T C Y SR T (B BN = T B ] 1
A A B T KA.
T ATRP WA 5% (0 B4, 4177 3 FH 3 5 Fofr 2

FHB MR
il f& 2H BIERGY). | TR RE LI
IR PP L AR TR P R AR AT L A e T RE A9 S

T WIESE T IR R b DU SRR M
WK IR ARG BB 175 JF LR S5 1R

BT SR RONE, IR T AN BEAT R B 1 55 i 1)
ARG FLIE R AW B8 1A T X .

WERAER S Y o THEH K —E KBS, #m
AN RLEEFH, A Al REGE 731 B S GE il A
A S AN R A3 T I, U SRR LM
RGN A R R R SO — e LA, 221

IMAAS BT 1, 4- 487530, Al RIAT 2B 11 5
R & A, OB FE IS B 10 b JE A & A IR,



73 SR S IR A ROR I R ATRP SR i 4 208 2 RS Wi B 5 939

AN
+ J .-
120°C H o :g

f—>
CuCl, PMDETA
Core
(0,
~—

CuCl, 2, 2"-bpy o"ﬁé’

110°C S-PMMA

g

CH, NN
f—>
CuCl, PMDETA
120°C L-PS
CH,C1 .
<
N OTO CH, LN\
|
CuCl, 2,2"-bpy
110°C L-PMMA

Hyperbranced PS

Fig. 1  Synthetic diagram for star polymers

Synthesis of multi arm star (a) polystyrene and (b) poly( methyl methacrylate) using hyperbranched polystyrene as core;

Synthesis of linear (¢) polystyrene and (d) poly( methyl methacrylate) by ATRP
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Fig. 2 Polymerization rate-time plots for S-PS, S-PMMA ,
L-PS and L-PMMA in chlorobenzene
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Fig. 3 Polymerization rate-time plots for S-PS, S-PMMA |

L-PS and L-PMMA in mixed solvent systems

Chlorobenzene as 1% solvent, 1,4- dioxanel as 2™ solvent;

The shadow region of 60 ~ 180 min is the second solvent

charging area for S-PS and L-PS; The shadow region of 240

—300 min is the second solvent charging area for S-PMMA
and L-PMMA.
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Table 1 Molecular weight and molecular weight distribution of S-PS

synthesized in mixed solvents of chlorobenzene and 1,4-dioxanel

Time(h) M, M,/M,
0 16400 3.4
1 200100 1.5
3 578900 1.2
7 909100 1.1
10 976500 1.1

Table 2 Molecular weight and molecular weight distribution of S-

PMMA synthesized in mixed solvents of chlorobenzene and 1, 4-

dioxanel
Time (h) M, M./M,
0 16400 3.4
4 300800 3.1
5 424200 3.3
9 544100 3.6
10 1007000 2.7
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ELIMINATION OF GELATINIZATION USING MIXTURE OF SOLVENTS
IN THE ATRP REACTION TO SYNTHESIZE MULTI ARM STAR POLYMERS

ZHANG Jun', LI Huayi*, ZHANG Liaoyun', HU Youliang’
(" Graduate University, Chinese Academy of Sciences, Beijing 100049)
(? Beijing National Laboratory for Molecular Sciences, Joint Laboratory of Polymer Science and Materials

Key Laboratory of Engineering Plastics, Institute of Chemisiry, Chinese Academy of Sciences, Beijing 100080)

Abstract  Hyperbranched polystyrene synthesized by the copolymerization of styrene and p-chloromethyl
styrene was used as initiator to initiate the ATRP reactions of styrene and methyl methacrylate with CuCl/
pentamethyldiethylenetriamine as catalysts. The reaction dynamics were studied. It was found that the ATRP the
reaction gelatinized easily in good solvent chlorobenzene. The monomer conversions before gelation were small.
If poor solvent 1,4-dioxane was added in chlorobenzene before gelation, the gelatinization reactions could be
eliminated efficiently. The monomer conversions could reach to high values and muti-arm star polymers with
high molecular weight about a million were synthesized. This is new method to prepare multi-arm star polymers
with high molecular weight.

Keywords Muti-arm star polymers, ATRP, Hyperbranched polystyrene, Reaction dynamics





