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Scheme 1 Synthesis schematic diagram of the Star-Comb PB-g-PMMA
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1.2 SPB yy#l& [CuCl,]: [ PMDETA] =1:1:0.2: 1, Z WA %
HekE FEAUT 3 BRI BESE T IO TR A R R — R R S R A 3 UK, 50°C L 8 h,

MR S ARCE L 9.39 ¢ T IR BRI WER IR B A, INAGE B THF 3 5 L R i

(Bd: SRt = 1: 8, V/V)  BRAGAT A 2.85 mL $EALO, 2 WAL THF S, Tk Z BRI , 7 4

(2.4 mg) IFE THA IR CLEE WA 0.6 mL THF B zs gt T 246 6,15 274 SC-( PB-g-PMMA ).

JHF A2 ) , 18I K V8 88 T SO°C R BE 3 b, A -
;ich%%é%?ﬁm 1.42 mL (1.1 mol/L), 2 HREWR
SOC I I 4 h, oK ZBEVLIE, 128 TR EH 2.1 BHABETFRAHEAS FIILH

EORLE W, 2V gk B A R PB o, R TR G Ik, L SiCl,
ik, 742" ¥ SPB. A ARIR TR  # S A T A e A BB R T .
1.3 ESPB Hj#l#& g b A 4 A, R AL R A &

WG SCHRL 11 ] J7 120K 1k SPB 22 W R-XUS  THF J T fif 4f , T 42 08 R ffe 46/ RT3, (5 2R 5
KA IR E AL ZE B ESPB, AR L BRUNT 5.0 ¢ @4 1,2-PB 253 2 R AN A T 3 S AL I
SPB % F 100 mL H %, fif A 1. 74 ¢ HCOOH ,40°C R . iE S &, THE/Li =0. 1 W& o, R4S
T 30 min NiEE 4.20 ¢ H,0,, 7E40°C R 1.5 h = ¥)p 1,2-PB 458 5 2000 8% (W15 1 iR ).
G KUE OB, A TR =, MY WS EERT MA Ui s B, B R R MR

ESPB, i i3 ' H-NMR ") -2 31 48 2. LRPEAR 43 F 1 PB, T8 1 7 R/ SR K 4 1,4-PB
1.4 SPB-Br, K%l #%& 45 K v 0 R 1 R U BR AL, 75 3 EPBL TR L L

HUESPB 5.0 g fin At $5 F B9 0 1 B B 7K 1:0.4: 0.4 (molar ratio) B %% 3% BL. 7€ %%
M, S A THF ¥ #7545 M 50 mL THF,1 mL  SPB-Br, B B, 1 3 1 2-1 5% T W 47 38 & JF 36
H,0 g & TEA, VKV 25 F T 30 min PN N 2-77 Ba AL SR, X T/ G R R KR 4 F i PB K
ST, E RN 48 h, 45| [O]: [TEA]: 6, HSO R R AR TR 4 i PB, B
[BIB] =2:1:1(molar ratio) , J5 83 P S AL A AT, TR TV 34 gy 77 1 I S, 43 - ) 2 22 Bk, R BUR
SRR, CREDURE, AT BEE Gl BT YRE NS ORI S A R RN, A
C e T 7 A U5 T 5 i 30 N3 A Y. i e g R T 2-18 S T IR IR AE D B K AR R A

BRI AT AR 2-1R 5 T R AT EPB 2 R AT IF R AL B, IR
1.5 SC-(PB-g-PMMA) K il & L BEAT S48, B B0 b, A SR 4y 51 457 SPB-

¥ SPB-Br,, CuCl, CuCl,, PMDETA, CHCL, fl  Br, , Jz Ji 77 F 5 W 25 [ 2.
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0
I H, / H,
Br—C—C=C—Br + H,0

I /
HO—C—C—C\—Br + HBr

O
[ H, / H H H H
HO—C—C—C—Br+ wvwvwv(C—Cvrvn — vvu C—Cvvn
\ \/ | |
O OH
0 I
OZ(IZ
C
/1N
Br

Scheme 2 Synthesis route of PB-Br,

XA RIIR S TEl & R R T &% g, SPB(a) ,ESPB(a) F| SPB-Br(a) /> 71
FAL R R T TS HEAT GPC 43H7, L SPB-Br, (a) MK 1.05,1.07,1. 10, 403% 1.2 FifR.
Fe H A4 (SPB(a) ,ESPB(a) ) Ky i, 4 l&l 1 iz, Xt4 B9 ESPB Al SPB-Br, i £7' H-NMR %
EILRT i HEALERRET MM S T3 E, 258 WE 2(AB) ix. FEkE, 7 6=2.7
R AN 5y F AR S 3 K a3 B o 1 53 A KR F12.9 4b H B R AE 0 53 301 Ry B 1,4-PB ORI 1,
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Table 1 Structural data of SPB

M ot L Cis-1,4 Trans-1,4 Vinyl
Exp. PDI f’
x10 4 x10 4 (mol% ) (mol% ) (mol% )
SPB(a) 0.59 1. 05 0.15 3.9 55.3 36.4 8.3
SPB(b) 4.25 1.08 1.21 3.5 56. 1 36.0 7.9
* Determined by GPC using PS as standard and THF as solvent; ”Average arms = M, /M, o
Table 2 Polymerization data of SPB-Br, and the precursors
ESPB SPB-Br,
Exp.
M, x10"* PDI E.F.(%) M, x107* PDI E.F."(%)
a 0.61 1.07 0.72 1. 10 94
b 4.60 1. 10 5.35 1.20 85

* Epoxidation degree determined by the ' H-NMR; > Bromination efficiency (% ) =(C,/C,) x100% ;C,

determination; C,, =79.9/M ¢pc

SPB-Br,
ESPB SPB
10 12 14 16

Retention volume (mL)

Fig. 1 GPC curves of SPB(a) ,ESPB(a) and SPB-Br, (a)
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VA I AR B 58 e Bl 1k, IR AE 6 = 1. 94 Ab 7
T B R BRI BB b 2 A 3 SRR AR
W G B i AR T R R AR T (6 =
0. 88) i1 L] AT LA, 5% — 4> SPB-Br, 73 L& 4
Br [~ K, T4 98 G A1 26 460 B2 0 330 m] DAAR 31—
A ESPB 731 E &AL O] By s, =5 e T A
S R 2y 7 51 & R RO R i T 6 =
1.94 fbykide 55 1,4 5546 10 FEE B4 1k 27 07 & i AT
B, X TR0 I BB R R 98- 55 K Ak
SRS AR IR 2 PR AR
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Fig. 2 "H-NMR spectra of (A) ESPB, (B) SPB-Br, and (C) SC-(PB-g-PMMA)
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em ™) K AR 4B . AN 3 (b) TR,
C—Br I 45 R 31 7E 500 ~ 600 em ' Z [A], A J& Bk
728 em TR T TSI 5 K C—H g Ah AT
i 3h M 55, (2475 AT 1738 em ' Ak g 3
—C = O5% fi 45 ¥ 3 g 1 1168 em ~' Ak i 3 (1)
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Fig. 3 FTIR spectra of (a) ESPB, (b) SPB-Br, and

(¢) SC-(PB-g-PMMA)

2.2 ERHiK PB-g-PMMA B & K
AR, R I3 51 %57 51 % ATRP [ W %%

VY ' SN PN Y V8 R

LA, AT HR I 4R 2 ] CuCl/PMDETA fE{LIR &,

W5 KA AW, TG ETI AT Cu® 1 S Y 5
Wk ES Cu WG M, 3 IR ] K K e, fH IF R AR
W3, 4% SCHE 60°C F190°C R, L CHCL R #, %
PN IrF iR A 9 K 43 51 & 5 (SPB-Br, (a) il
SPB-Br, (b)) 5| % MMA B4 i@ i ol 48 MMA Jii
AT AR T —F%] SC-(PB-g-PMMA ) 4
Y. 23 0L, 900 C KA, BA 1 h 5
BRI R ZRR . BEAR R A IR B 2 60°C, R I 4 ¥
HAXT /NI SPB-Br, (a) 5 & A B, 85K
10,25 ,33 I35 K 77 AR Bk HL 7 W) 0L T S R
KA (EHRL LG R 40 B =B+ 5 AN R R
5 F =5 K SPB-Br, (b) 5| & R A1, ;=9
A B R A AR B, A A R R AC
I, X R B G 5 ek AR — B i R
3HHE T LLE AT ATRP R 444 A 3
AR (1) OB W, A i S sk,
SBR[ SR A AL, X 5 2Rk R E
B4 —50 "5 (2) KT8l &g K . ok
EF EASFREZRNILT (M, <1 X
10*) 1510 i AR 3L S U RO R W, 24 R 4 T 5
R B b A B, S I RN B 2 B . 4y ) 22 Bk
Al BE S i T T 55 AH B S8 BT 4y F S B, T
B Y T B 43 1 S s 1S 22, 0 M vk B2 i R
JREC (3) #kHE. N SPB-Br, (a) 51 k& B & W4k
EAT LA, 24 MMA/Br = 10,25,33 B =48 %
KA SCWE T 4 MMA/Br 34 in £ 40 B, 7= #p 4t T
JEAREEAIE 8 K4y 751 k5] & ATRP T fiil
] & HE 43 - IRl 32 3k, DXL Sy B 2 50 L i 388 0, 43+
MEE KT KT EHRKE, 2 FIESE BN T
Z 32 Ak PMMA , 43 ¥ [B] ] 5% filf 48 JL R 55 K.
SPB-Br, (b) 51 & R & ¥ 84 vl LLE i, 24 MMA/
Br =10 W}, /=¥ K & 4 58 B, (H 3 K88 L
(MMA/Br =25,33,40) i}, 7= ¥ Bt T 5 R A K

Table 3 SC-(PB-g-PMMA) synthesis by ATRP of MMA from SPB-Br,

SPB-Br, (a) SPB-Br, (b)
Temp. ; |
M/B* M, cec M, ww” M, cec M, xue”
(¢) Product PDI Product PDI
x10 x10 x10 7 x10 4
90 10 SC-( PB-g-PMMA ) -al Swelling SC-( PB-g-PMMA ) -bl Swelling
60 10 SC-(PB-g-PMMA ) -a2 2.86 1.16 2.90 SC-( PB-g-PMMA ) -b2 8.58 1.21 9.08
60 25 SC-(PB-g-PMMA ) -a3 6.57 1.19 6.89 SC-(PB-g-PMMA ) -b3 Insoluble
60 33 SC-(PB-g-PMMA ) -a4 8.92 1.20 9.13 SC-(PB-g-PMMA ) -b4 Insoluble
60 40 SC-(PB-g-PMMA ) -a5 Insoluble SC-(PB-g-PMMA ) -b5 Insoluble

“The mol ratio of MMA to [ Br]; " M, xur =M, cpc (PB backbone) + M \yy (grafts) (18] ; SC-(PB-g-PMMA ) -an are the SC-( PB-g-PMMA ) s

initated by SPB-Br, (a), SC-(PB-g-PMMA ) -bn are the SC-( PB-g-PMMA ) s initated by SPB-Br, (b) , M“vSPB,BI"“) =7.2x10%, M,l'g,,,;,“,”(h) =

5.35 x10*
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Kbt K751 &7 5] & ATRP S04 7] % 4 4 F W
AEHR R O — AN Koy 7 51 KR B & 16 ik Br B 22,
AP AT A B A, I 1) 50N [ — 235 AL A
Rl 9 LR AR, S B S R — > T N Y
220> M 8 AR B ST iR L AR/ 2 BB Y
R 00 1 N A ] G 48 L AR R, e AR
5 21k A LR B 2 38 K. SR UF SR B AR 2>
TR KT 51 &5 SPB-Br(a) 5| & B4 LT
B oy T8 0 KR 751 &) SPB-Br(b) 5] K&

AN
(=i

Pl SC-( PB-g-PMMA )-a4 (M, =8.92 x 10",
PDI=1.20) N, P ¥ (' H-NMR @& 2 (C) fir
NCREVER TR PB BE B RRIE MRS TE S =
3.6 LT MMA | 575 5 AH % 09 &R &0 R AE
g, 8 =3. 7T b B T — /N F W, 8 5 Br A
Y MMA F T rp R R R A 3% Y PR Y A AR
W, KW= 5] AT PMMA #£ B 5 K5 T 51
KRN H-NMR ARAL ,6 = 1. 94 4b A 4 12 0 UM 1)
AUk b2 AT b SRR IR O, R W] R 4y T
51 %3] SPB-Br, 1 i% Jk Br & &8 5| & MMA %
A .75 SC-(PB-g-PMMA ) () FTIR W& 3 frr,
724 SC-( PB-g-PMMA ) 7£ 1730 cm ™' &b Jig 3%
—C = O3 ff 47 ¥z 2 i W] b 19 5, R W5 A T
PMMA £ P .

AP B A W SC-( PB-g-PMMA )-a2, SC-
( PB-g-PMMA )-a3, SC-( PB-g-PMMA )-a4 F1 SC-
(PB-g-PMMA ) -b2 i) GPC 3% [¥] UL 5] 4. b ¥l 7] &
B4 Fh B RR B G 1 O B O A U TR R R
B FESmEAs, BT L21(0W%E3). R
FIT A% 2 5 35 0 3 & W 24 38— , TG 32 Bk I RN K
AL SCHER (16 ] F0 T 36 s i 45 3 7[R A Ry i b 2
AIGK Br 1 K5 51 & PB-Br,, Hi It PB-Br,
g1k MMA &, A4 iUk PEFi IR 1) PB-g-PMMA
GPC &40t B8 W, E A &I s & A 5 25
PB-PMMA £ SCHR > it 5 #fi, (H R & 4 40
AL 08 (PDL=1.45) . A 3C4% 3 1 B JC &l 52 i
H 4yt 504l X&) SC-(PB-g-PMMA) .

XA RIE AR R T Zi-g- R W AN M
2 B iR 3 &% SC-( PB-g-PMMA ) -a2 , SC-( PB-g-
PMMA ) -a3, SC-( PB-g-PMMA )-a4 #l SC-( PB-g-
PMMA) -b2 #4577 DSC ik (&l 5), SC-( PB-g-
PMMA ) (%) 3 35 Ak 5% A8 R B, Bl 3R 5 W) 435 /) 1) 722 A
A i 22 5. SPB-Br, (b) 51 &£ WU R & ¥ SC-
(PB-g-PMMA ) -b2 , 4% 53 ¥ 5 4 BE /N, EHEW

SC-(PB-g-PMMA)-b2

SC-(PB-g-PMMA)-a4

SC-(PB-g-PMMA)-a3

SC-(PB-g-PMMA)-a2

1 1
0 5 10 15
Retention volume (mL)
Fig. 4 GPC curves of SC-( PB-g-PMMA ) -a2, SC-( PB-g-
PMMA ) -a3, SC-( PB-g-PMMA )-a4 and SC-( PB-g-PMMA ) -h2

T 5H ESEM I HA F4 PB 5 B T,, Ik
2li PB R &, X 5 SCHk R M — 2. SPB-Br, (a)
SIRA MR AW, i SC-(PB-g-PMMA ) -a3 , fil]
BRI RA WA 3 B A AR R 4 AR
%% PB #f1,PB 5 PMMA A %5 A Al PMMA Af. 4k ¢
REORAMEE K B2, PB 5 PMMA K 25 A1 11 3% 55 1k 5%
A BETE R, AW R A B B A AR IR
T4k 21 18 K 85 K B, 4 SC-( PB-g-PMMA ) -a4
REY H 2 PMMA 3% 55 10 % 72 I B . il ] %
KEARFE, o FIEESNRIEFRRILERY PBg-
PMMA % ¥ i A8 1 52 Ak PMMA 5] %50 B2 4t 1
SCARIG A AT, LM AR SR A AR BN B B 4l S
BRI T AR AW T 2 RAWR S TR A
BN Sy BE A B S e, AR SC A R R G W SC-
( PB-g-PMMA )-a2, SC-( PB-g-PMMA )-a3, SC-
(PB-g-PMMA ) -ad ¥ iy [7] — 51 K0 51 A, 42 80 55
ARTR] S 3 A~ BOHA ], 4l K 2 A I, ) — A X

I

1 | |

-100 0 100
Temperature (°C)

Fig. 5 DSC curves of PB-g-PMMA . (a) SC-(PB-g-

PMMA)-a2, (b) SC-(PB-g-PMMA )-a3, (c¢) SC-

(PB-g-PMMA ) -a4 and (d) SC-(PB-g-PMMA ) -bh2
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Table 4  Intrinsic Viscosities and Branching Factors of SC-( PB-g-
PMMA)
[nlu’ [”’7]1;..]'
Entry g’
(mLg™") (mLg™")
SC-(PB-g-PMMA ) -a2 8.1 15.4 0.53
SC-(PB-g-PMMA ) -a3 9.0 28.0 0.32
SC-(PB-g-PMMA ) -a4 9.5 34.7 0.27

“In THF (30.0 £0.1)%C b Calculated using [n ], =KMy*; ‘g’ =
(o ]/ T ]

ARSI X [ — 51 KRG kAR R RIER T —
Mi-g-RH WY RS Y SC-(PBg-
PMMA )-a2, SC-( PB-g-PMMA )-a3, SC-( PB-g-
PMMA) -a4 $E 47 1 4 1 25 B0 K, & 4 s 19
[n ], &L THF S5, (30.0 0. 1) CF Il 15 %4
35 AR s Mark-Houwink 75 %2 ' 3+ 55 th M1 R 43 7
BAMREWH 9], AT

[n] = 1.11 x 107°m > (2)
45 J K W, SC-( PB-g-PMMA )-a2, SC-( PB-g-
PMMA ) -a3,SC-( PB-g-PMMA ) -a4 37 4k H ¥ 4 /)
T M TR MR EY, XA SC-(PB-g-
PMMA) 1) % B ¥ /N Tt 00 7 B R4 Sk o)+
AR ) 272 AR /N T2tk 2 1 B AR ) 22 AR

M5 7 7 BE A B, 70 1 SCAR I s A TR 5
KRN G| K M RERCR G W), B G TR, A A
LCEN SCACBEARD) , [ T, RECAH A, 1T " U0 i )
HE TR G R . i R G Y TSR E R
PEwil, T AAR S o e TR 1 3R S AR R R L,
A A RS W R A T AR G i S A B

3 it

AICRHEHEREFRESEFARERS
(ATRP) i R il S HLHE R AR T — R 54T
AT, ST A 2 1) SC-(PB-g-PMMA) . #857
T 7€ SPB-Br, 51 % MMA [y ATRP i thr, B 4 i
BE KAy T 51 % B K I DL B L B A I
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SYNTHESIS OF STAR-COMB COPOLYMER PB-g-PMMA
BY MECHANISM TRANSFORMATION

Yu Zhang'’, Kai-hua Shen' *, Yan-shai Wang' *, Yu-rong Wang'"*, Can Li"*, Yang Li"’
(" Department of Polymer Science and Engineering School of Chemical Engineering, Dalian University of Technology, Dlian 116024 )
(* Liaoning key Laboratory of Polymer Science and Engineering, Dalian 116024 )

Abstract A series of star comb polybutadiene-g-poly ( methyl methacrylate ) graft copolymers ( SC-( PB-g-
PMMA ) ) with various chain lengths were synthesized with the combination of living anionic polymerization and
atom transfer radical polymerization (ATRP) in sequence. First,star-shaped polybutadiene with predetermined
molecular weight and microstructure was synthesized by anionic polymerization of butadiene with n-butyllithium
initiator in the solvent of cyclohexane at 50°C for 3 h. Then the in-chain living functionalized star-shaped
initiator containing bromine ( SPB-Br, ) s was obtained after expoxidated with performic acid in situ from
hydrogen peroxide and formic acid,and esterification reaction with in situ 2-bromoisobutyrate. Finally , SC-( PB-
g-PMMA ) s were prepared from the polymerization of methyl methacrylate (MMA) and SPB-Br, with SPB-Br,
as initiator and CuCl/CuCl,/N, N, N', N, N"-pentamethyldiethylenetriamine ( PMDETA ) as catalyst and
ligand by atom transfer radical polymerization in the solvent of CHCI, at 60°C for 8 h. A series of star comb
polybutadiene-g-poly ( methyl methacrylate) graft copolymers ( SC-( PB-g-PMMA ) ) with various chain lengths
were synthesized by changing the monomer ratio. The properties of the SPB-Br, and the series of star-comb
graft copolymers polybutadiene-g-poly ( methyl methacrylate) were characterized by 'H-NMR, FTIR , GPC and
DSC. The SC-(PB-g-PMMA ) s in solution were also examined and their thermotropic behavior were discussed.
All in all, the results show that well-defined target products with controlled molecular weight and low disperisity
were obtained. The phase separation and branching parameters of the copolymers varied with chain lengths.

Keywords Living anionic polymerization, ATRP, Mechanism transferormation, Star-comb polymers



