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Synthesis of Graft Copolymer of Poly (Styrene) —

g —Poly (Methyl Methacrylate)
MENG Jin—feng, HUANG Wen—yan, XUE Xiao—qiang, GUO Jin—long, JIANG Bi— biao
(School of Materials Science and Engineering, Changzhou University, Changzhou 213164, China)

Abstract: Random copolymer poly (styrene—co— chloromethyl styrene) was synthesized by conventional
free radical polymerization of styrene (St) and chloromethyl styrene (CMS). The polystyrene macromo-
lecular RAFT agent with the structure of dithioester was prepared through the reaction of the random co-
polymer with copper reagent. In the presence of the polystyrene macromolecule RAFT agent, radical poly-
merization of methyl methacrylate (MMA) was carried out and the graft copolymer poly (styrene) —g—
poly (methyl methacrylate) via RAFT polymerization was prepared. The effects of the ratio of St to CMS,
the contents of the MMA monomer and the reaction temperature on the graft copolymer were investigated.
The results show that, graft copolymer with higher grafting ratio (—75%) and grafting efficiency (—
60%) is obtained when the ratio of St to CMS is 10 : 1, the ratio of MMA to CMS is 80 : 1 and the reac-
tion temperature is 60°C.

key words: macromolecular RAFT agent; graft copolymer; grafting efficiency; grafting ratio

FEA A IR T R S B SR RS [ Y B AR A] RUGET S8 SRy o bl 22 BhOR R O PERE . DRI, 4%

« WFBEH: 2011—02—28
BEE&£WMB: BERAABELEHE (20574032)
EEBN: H4&R (1985—), &, LFWHA, BitAd; SHKAN: HLE.



BERF. FABHEARESALFMH T SR PS—g—PMMA #4550 29 -

BOALRY) — H 20 78 AL i — > N
U, BRI R A BT R AR
(graft onto), # A (graft from), Ko FH
& (macromonomer), il i P& 7. HE F.
IREZ N I SR ¢ VAL I R S I NE O e e
RS AR Ty ik R R R R A, IR AR AE —E
Wik o, AR ] 8 B 254 R B S B B R AT
SR FLA B R W5 = SCRN AN . A SCR
FI R SR B vk 1 S A R0 T o e SR
BEA (RAFT) i, RIF7E KT T RAFT i
FIAEAE T AT MMA s A R G, @
RAFT S HLBE G A5 B 1 2 k8% 38 F 42 BCR AR
R R Y,

1 SCIGER 4

L1 U R

ROH (SO, WENERHPE (MMA), fb
ol g Al R A IR /A7), R
F 5% S AR K B WU . TR 78 IR OK vk =
P, TCKBRRR B TR 1, P D 2 R AT A 1 ik 1R
Iy REWIEZME (CMS), Aldrich; — 2%~
AR R G 7D, s dral (2545 Bk
FIRAARA A A7 AR TH (AIBN);
A, W, 2— T, ol (E 2545 Bk
KA AT A THF, Ak, sl (i
T HE AL 27 3R 70 A BR 2 Rl VL 95 o & ik T4 R 2 W] 4l
W oK H B, dral (R IR AT —T A&
s TS .

1.2 K4T RAFT i F &k

FE 100mL [8]JRCHR I P 4 LU AR I A 2R 20
MAH I LM, AIBN, HIE, f R A)G.
BT 70 CERMIE N R, Ho AIBN b R O M
By 0.87%, WHRIH RN RSB 20%.
RNLEEHG B = W R T RS A T T RS U TE
MG THREHEEMSTMILRY P (St—co —
CMS), Y ¢ (St) : ¢ (CMS) =10: 11K, GPC
ARG H - M, =50 800, PDI= M, /M, =1.90,

FE 100mL [8]JRCH8 I P9 4 L 4 48 o i A JE B 2L
EYP (St— co —CMS), i MHL7. THF,
FriEm e 2R ST 70°CH B ME N R, Hif
THF N EMIEREY P (St— co —CMS) i 8
f. IR )G, KA THE Bk, Tk

PUUE. W€ T EEEM KA T RAFT K7,
2 (St) ¢ (CMS)=10: 1/}, GPC/rHrasih
M ,=51 500, PDI=M .,/ M ,=2.00, B&E4%HF
WIAh, Ko+ RAFT & ] & itk 0 2K 20 Fn
CMS ¥ iy & b 8 10 ¢ 1,

1.3 $ERIERYE G NS5 E

7E 100mL [ B8 4 42 AR o A K 43
RAFT i5f . WAL IR g, AIBN, W&, £f
FEOTVEfRE . BT EIRME R, Hh AIBN b
Y S5 P 4 1 F TS B B 0. 84 %0, VR R K Sl R4
T RAFT 55 Fn H 56 79 4 2 HH BR B BT 4 19 2004,
KNSR E . T, TR i, ks
THEEE,

B HRE S 1 1 (R EMAEER IR E
Vs R A, P TR A ) AR O A Y A i T UE
TE RS B R UTTE ) . N DR AT e A 28 R R L U
HEREY A, K E R NUIEY A THE &
fitt, FI 1.5 4% THF & /9 JC K B EE DL TE . i 0,
VB AT IR 2R R R BB TR B R G B, 7+
HATTEY N R A C. RH'H NMR 4 7 i
IERAY A, B C S . BROERY M HAR
R (Eq) FERE (G) HHEARXWT.

my (St—co—CMS) —m, (St—co—CMS)

Ee = my (St—co—CMS) ~

100%4
MM — MM
G:m ( A) m (P A)><1oo%

m (MMA)

K my, (St—co—CMS) N KT RAFT i #
JilR s s m, (St—co—CMS) R &MY K 43
F RAFT KA FE: m (MMA) HE5RAD
MMA B Fif; m (PMMA) b5 F LD 4 iR
i £ o dat
1.4 45k 5385 RAE

"H NMR : CDCL, %5, >Rl Bruker ARX
— 500 R PRIE AL H IR I E

GPC : THF A, RH] Waters150 Y& &
BE a5 R IR E

2 HRSUE

2.1 KA4F RAFT RFI 194 1
ARLELHENAHEREEHRR LK SHEA



30 - FMRFFR (BRXAFR

2011 4

FREOHER M ILRY, RS T8 L3I A—
CH,Cl & E, XI5 H — CH,Cl 54157 & 4=

SN, Wi NaCl, & s A AU Fig 45 48 1) R 5 1
RAFT 7], Hmnw FREXmE 1 iR,

H,C=CH H,C=CH Ho 4 Ho 4
n H,C . m H2C 70°C AN~ C —C —C —C —nnnn P(St-co-CMS)
o
CH,CI CH.CI
2
a
Ho Hy 4 H H
ﬁ /C —CHj, 70°C NN~ C —C'—CQ—C*JVW‘
P(St-co-CMS) + Na-s—C-NZT_ X
G, cH. THF Ha
C —CH
| ~ 3
H,C —S—C —N
2 T~C —CH,
d Ha2
C

B 1 X%F RAFTKFMER
Fig. 1 The synthesis of the macromolecular RAFT agent

Bl 2 (A EEHMIERY P (St— co —CMS)
' HNMR 3% 8, fb2 06058 6 =4. 5 4b By I i T
REWH—CH,Cl M A a (B 1,8 =6.25
—7.25 Z I MUERT R T RGOSR A, 0 =
1. 0—2. 5 2 [H] Wi X 1 F = B o 7 R ok HR
ErE. B2 (B) J&2 K4+ RAFT il 9" HN-
MR 3£, 0 =3. 7, 4.0 A PIEXT RN F —N (C,
Ho) R EME b A e (K1), 0 =4.4 461
WXt F Ar—CH, —S— M LA d (- 1.9

e
J\Au A

L . 2 . . : " . )
8 7 6 5 4 3 2 1 0

B2 P (St—co—CMS) MK5F RAFTIXF ' H NMR i E
Fig. 2 'H NMR spectra of P (St— co —CMS) and

macromolecular RAFT agent

=6.25—7.25 Z I B EXT N FAR LA, 6 =
1. 0—2. 5 Z [a] i 0 X R F 32 4 - 7 3 ATk 3
PLE—N (C,H), 7 —CHy, LA, MWE 2 (A)
FE 2 (B WX LLE W, Mo =4.5 XN
F—CH,Cl A Jy 6 =3.7, 4.1, 4.4 hbiy 3
AN, AR T —CH,SC (S) N (C,H:), EAY
Ar—CH, —S— il — N (C, Hy), # /> I H 3L Y
A, WELG T RS F RAFT i,

2.2 HRILERY) PS— ¢ —PMMA & B

ARSCA KA T RAFT 250 45 44 v i XU
BRI —C (S) S—R—NHA MR K15 %
Bl (PS— AU TSI ERAEH T, Bk
MMA # 5| & R G4 A & PMMA - 5K 505
R N A PMMA —A (") —PS, 5t
Af, PMMA—A (") —PS X 0] 38 Wr 8 il 19
H B &E PS™ FUB 09 8 5% 7% 7] PMMA — A, PS" 5]
RIPARREG A LA IR Y PS— ¢ —PMMA,
HR B g 3, R R T AR LR Y
PS— g —PMMA 4}, kAl A B R Y PMMA #i
RS INBLE K5y F RAFT i1

Hy 4 Hy H H, §H Ho 4 Hy H
wnANN~C —C—C —C—~nnn + AW —C = ——— NNN-C —C—C —C-nnnn
CH.
@ COOCH,4 I 3H2
I _CoHs i
H,C-8-C-NZ ¢Ha o’ CoocH
CoHs g 3
S—C\N/Csz
~
l CaHs
CHj .
H, 4 H | Il CoH H 4 Hy
vam—Cz— —C2~(}:/‘—WVV‘ <M YW C—C—S—-C—- <C2H5 + vvn-C —C—C —C—~vvvwne
2Hs
@ COOCH, @
Ha CHy

COOCH; COOCH;



BERF. FABHEARESALFMH T SR PS—g—PMMA #4550 31 -

3 BERERYPS— ¢ —PMMA WM&
Fig. 3 The synthesis of the graft copolymer PS— g —PMMA

K4 BRAHEEHRRAMN 3 FRAYN H NMR
W, HE 4 (A 5RBETR ST RAFT a7
f'HNMR K 4 (B) E4&WA,. Hbafe it
REWNAK L K5 F RAFT i Fl. B 4 (B)
5 PMMA HRYH'H NMR &K Sy 4., Hb
8 =3.6 kbpyigExs B F — OCH; E&A, 6§ =0.5 —
2.5 Kbyt I 4 P i — CH, — fil— CH, 119
A, WEWIRAY B A¥ERY PMMA, i 5 U05E
HoR AW C ' H NMR 3EE WK 4 (C) FF
Ne FEE 4 (O Hhal LB E K5 F RAFT K
FUEY 3 A FRAF I AR | B9 3R Y 3 79 0 R PP IR )
fEWEERAR . 7E 0 = 3.6 A MU i T — OCH, 119
A, 0=6.25—7.25 Z [ WX B TR IR A&, O
=1.0—2. 5 Z[A] A WEXT B F F 4 I+ — CH, — A H
BE DL B OB 3R R RS 9 0 R YR o — CH, — il — CH,
FRE, RILIES A R T ILRY PS— g —
PMMA, B2 6 =4. 1 AR FEFESHAE, WWITE
BRI RY) il JE&H RAFT # M, X% RAFT
FEPT ) R IR 2 — 2 SR ER K 73 F RAFT 5] B R
R R, B AR 100 % (1 RAFT S #5255
TR,

Bl 5 IR Y o BTG 440 1) GPC i 4 &
e, B 5 (D) JER4rE R LG R AW GPC il
&, BREEMN, FMREGYHEA SRV D AR
ZRAsr, K5 (A, (B, (C) 2 BRI F 4
KRS F RAFT 57 . PMMA ¥R ) fE kL
HEY) PS— g —PMMA, %4511y GPC £ 1
F 1R, ATLLE N, AR AR R Y PS
— g —PMMA HAG X 8% 1 53 F #5014 .

©
~
ol
(&
H
w

4 HERESYH'H NMREE
Fig. 4 'H NMR spectra of the separated polymers

Retention time/min

5 BRAWH GPC Lk
Fig. 5 GPC trace of polymers
BE: AARKMEMASF RAFT iKF; BA PMMA; CH
PS— g —PMMA; D ARBRBAYHEERY
Rl ROFRAFTHAERERNEBAENLARSER
Table 1 Copolymerization results of methyl methacrylate in the pres-

ence of macromolecular RAFT agent
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Table 2 Graft efficiency and graft yield for graft copolymer using different macromolecular RAFT agent

R c (SO ¢ (CMS) & ¢ (MMA) JEE/C C(MMA) /% w (SO /% w (MMA) /% $ERRCR/ Y% AR/ %
PS— ¢ —PMMA 50 : 1 100 70 89. 56 27. 68 72.32 15. 09 23.05
PS— g —PMMA 10:1: 60 70 90. 09 18. 27 81.73 59. 29 57.45
PS— g —PMMA 10:1:80 70 81.88 14. 47 85.53 61. 07 64. 35
PS— g —PMMA 10:1:120 70 87. 77 6.70 93. 30 39. 24 60. 77
PS— g —PMMA 10 : 13100 70 89. 39 10.13 89. 87 54.51 63.09
PS— g —PMMA 10:1: 100 60 81.21 10. 35 89. 65 59. 55 74.35
PS— g —PMMA 10:1:100 80 86. 91 13.87 86. 13 59. 30 48.53
PS— g —PMMA 10:1:100 90 91. 19 15. 61 84. 39 61.56 42.61
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