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(n-BuCp),TiClL,/Sn/1, 3| & & MMM EEEE
FERMBREZHEREAMENS MR

Tam AL % AR BILT FEAT Hik
(AEE T A T AT BRI I 5 T A S0 e MORMRLY 15 T2 B dbst 100029)
B E RAESEAAY (n-BuCp),TiCL,, WJEH] (Sn), 5% FIZERA K H M SLEE P B IR Y (1) 4%
IR BB R R ZIEE 1 ERA, ARMIE R T B R . B TR B A &
51 %70 5 BAH LR 2 2 TR ARSI, SR AR AE 65 ~ 95 CIL N, BE%E BABERTIE, BAYH
Oy T B AL RN fE—EIRE T, BEWIS TR SRR AL MN K LR, HRAY
o FRAMRAE (M, /M, =1.6 ~1.9). RJH GPC, WAXD,""C("H)-NMR X&) (¥ T E AT %957 ) 45
5 PEREIEAT T R AE. GPC S5 EM (n-BuCp), TiCL/Sn/1, 51 K2 M B A M G PEE A7 C-NMR Fil WAXD
S B SRR 2 e B O LA 3 H-NMR 25 SRR R W0 o b & A R0t JFRIR LA R R A
Yo THVBECN 4, 551 %) 1, B AL BONAE. X Ue4s FHIEI T HR A LRI 250 S8 5 T 5 I JE B

A MRS IR L0 H RS

XA NERAEY, WA MERES, fE, BRI RE

20 HEZa Dok, SRR 4w 5l 4w A AL
S TIIREER G, AT AR A Rk T
FL ST RILEE v FE T R A T i BEES M R A .
iF9E & B AE 1% 4 )& M f /K & [ RN (CH, );NR J-
TiMe,/B ( C,Fs ), (R 2,6-i-Pr,C,H,, 2,6-
Me,C,H,) ", {[ ((#-Bu-d, ) N-0-C,H, ),0]ZtMe}/
MeB(C¢Fs5 ), 8% {[ ((¢-Bu-dg ) N-0-CiH, ),0 ] ZrMe
(PhNMe, ) | /B(CF;) !, [ -BuNSiMe, Flu ] TiMe,/
B(CsFs)5", C, X FR Yy [ ONNO ] Zr (CH,Ph),/B
(CeFs)s(R" =t-Bu, Mey)"™, JKAmEE T [ NO ]
ZrClL,/MAO" ¥ W] Ak, a-M IR iR MBS Cp™ Ti
(OBz) ,/MAO (AR MEIL TH-1 B4, 1551784
TR MEREY. [Cp TiCl, (N = C-+-Bu,) 1/
MAO AR AR IR A IR IR AR Y
HTTE R A, Alexandru™ ™) SR L B AU ALK
W)/ Zn/BDGE AL 2 M i ME 2R R 4, il
BT EY. FATE RN T 8/ S/
WEBWEI KR OIETEE A MERE, 8
K T4 B G YA AL A WSS R A 1T
VLR Zi R

ASCLL (n-BuCp ), TiCL,/Sn/T, S AL AR &,
15 1,4- 5N S RR O TEYE A R A,
TR EVE 574 R 6. 61 x 10" M E AL REAL
TMBE LM, MR TREGFM, SFREHR
JE RIS E] 51 A0 SR BE AR L X R A AT
N, FEXT TR S PSS S TEREHEAT T %
fiE.

1 &S

1.1 FELZFKA

KA bral, b TT) s W ke
PUS R IR 1, 4-— 4 N3 (b, dbaife T
), WHETS5EEMIEN 48 h, BUZEBLH; &8
(ortrat, Wk PapE b T ) 5 SRS H b
fE-HEEIL R Y (1) (Aldrich A7) 5 1B T 23K
T OE TR (2.5 mol/L IE VSR ) (Acros
oEl) s MEARER (A3 B, Kk KRR A
Al s A (b 3 S AR A BR A
Al).

RN WIRE L 300 mL R 2G4 ~5 g
HEALEIT 500 mL OB EEBER Y, H R T
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PR, W ERROIHEWR, AT ~8 ¢ Ffk
B, PR3 h, WURZEM, RO, TAVKEE N
& H.
1.2 REBWEY(n-BuCp),TiCl, &K

ZOCHR[ 14 ] 1955148 T (n-BuCp) , TiCl,
KA RS Y. T 0C a4 10.0 g ~ 0.0082
mol ) 1E T BEFR I 4 19 100 mL DU S0k e 95 9 114
500 mLJz Ji it 2248 3 i 32. 8 mL (0. 082 mol)
1E T AR (2.5 mol/L IEC el , idk 3 h, 15
FIE T LA 8 0 LA 0 pOR K. 7E
-70°CF, MW 22N 4. 50 mL (0. 041
mol ) PUG LR, RN K. TERSRY Tt
UERR A WA, A B AR, oLk
VSR AE J5 AR, T VKFE R E A b, 15
Bt 21 (5 5 K (n-BuCp ), TiCl,, 6.45 g, WL
65.8%. JLE4MHT, IHEAE: C 60.30, H6.71,
Ti 13.19, C1 19. 80, SZH{E: C 60.73, H 6.79,
Ti 13.18, C119.76. '"H-NMR: §4.6(6H, t), 1.1
(6H, t), 1.7 ~ 1.9 (12H, m).
1.3 EZHEEA

FRE— 7 5t 14))% 4 )8 46 & 9 (n-BuCp ) , TiCl,
Ky, B #+19 Schlenk sz N AT, il
2, RAE 3 ~4 WE, FESSEIE R 1L,
4-THOSIR S mL, HEHE; FEMACERD 1 RS
I, TR 2 RO I, VR P A 2R AR R B
. RN EWERTE], L 10% 8 2 B R I WA
1B RAEARETIES S REY, T2
TEESR H G, FREFFITRE RO R
G| & FBER(IE).

1.4 M KRRIEEFE

GPC 7E % it T K H PL-GPC200 % it (35 {Y
W5, VAR SR AERRE, 1O Sk Mg A I 16 741 5
BC('H)-NMRE ] Varian Inova 600 MHz 4% % 4t
PRAXHE 25 C I , W0 R m ARG, O R i A
HNBRY) SES X ATEF (WAXD) Sk T H A #DE
D/MAX-3A X SFERATEHCIE , 20 A 55
5°%) 40°, Pk 1.54 x10 " m.

2 #R5itie

2.1 REKZME

% 1 2R FR (n-BuCp), TiCL/Sn/T, 7EA
[FIRAIREE (65, 75, 95, 115C) X AR LEERAE
oM. 95°CI), KM (5 mL) 78 1,4- 4K IR (5
mL) IR A G LR 0] 20, 115C BF AR &
AL N 10.2% . hF 1 A[FEH, 1665 ~95CH
GRS FE W, R RE YN0 1o E
(1.62 ~1.67); MiHFRAEENTE, REWIH
Gy i or i A R A SR B N, iX
TR B Y, AR M oo AR
A, H 95 CH G A FIRBCR R, HEE R AR
JERARSE TR (40 115°C) , A Y895 15
AN, ATRESER N TE R R RIS LR S R R
BYN TSR, fFEmIR T ROERET
WRE, KR T EEZMEE DO B T#
LSCH RO ELE T RS, HAKR (n-
BuCp),TiCl,/Sn/1, 5| & 2 &0 B A 1) 5 Ak R
7 48% -10.2% = 37.8% , HAF 95°C AL
FAL.

Table 1 The effect of temperature on polymerization of styrene catalyzed by (n-BuCp),TiCl,/Sn/I, system

Run Tempreture ( °C) M,* x107* M,./M,* Conversion (% ) IE (%)
1 65 4.13 1.62 21 26
2 75 5.20 1. 65 37 29
3 95 6.61 1.67 42 33
4 115 6.01 2.45 48 —

Polymerization conditions: (n-BuCp),TiCl,/Sn/1 /styrene = 8/12/1/500; Monomer: styrene (5 mL) ; Solvent: 1,4-dioxane (5 mL); Time:

18 h;* Determined by GPC

2.2 mHEAY R

14K £ (n-BuCp),TiCl,/Sn/1, F 95°C 5| %
KOG RA W, AR AR R (6, 8, 12, 16, 18
h) XIR IR G R L& 2. k2 aTA
BEA J G I TR Y IE K, BRE W Y 31 LA
ARG, REV R mE%E. IR E

PIE o5t o1 A g SRR AR R 2 A Y S
ZWME L s, mE A, BEYRS TR
RFALRZ AP RIE AR, HERS
(501 0 A S DR B A B AR IO JE LA (1. 67 ~
1.82). LR RUIZR A HEHERA.
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Table 2 The effect of time on polymerization of styrene catalyzed by (n-BuCp),TiCl,/Sn/I, system

Run Time (h) M,* x107* M. /M. Conversion (% ) IE (%)
5 6 2.05 1.82 13 33
6 8 3.06 1.79 20 34
7 12 4.88 1.73 31 33
8 16 6.39 1. 69 39 32
3 18 6.61 1. 67 42 33

Polymerization conditions: ( n-BuCp),TiCl,/Sn/1 /styrene = 8/12/1/500; Monomer: styrene (5 mL); Solvent: 1, 4-dioxane (5 mL);
Tempreture, 95°C ;* Determined by GPC

7 3.0
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Conversion (%)
Fig. 1 Molecular weight and molecular weight distribution via

monomer conversion with different polymerization time

2.3 BE53|LFEREHFME

AR RIS KR BE AR L (L1 )/ 8] =
1/250, 1/500, 1/750 ), & 4tk & % ( n-
BuCp ), TiCl,/Sn/1, X7 20 B WY 5 i WLk 3.
2 3 M, BEER OIGHACRNER, BREWN
SR TR K2 EREYH
Or R O TR A G R B A AR A B R AR
M 2 /I, BEE R O R, Ra)
(70 B AER I PO SRR S 0 B e,
REWIH 775 PR R Z IR AT /e Lt
BERH A s BEE ARG AR B Ll o,
EYR TR, BEW TR AR R
Y, MH/NT 1,90, ZERUEIHE PR TER A

Table 3 The effect of different [ I, ]/[St] ratio on the polymerization of styrene catalyzed by (n-BuCp),TiCl,/Sn/I system

Run 1,/St Time (h) M,*x10~* M, /M Conversion (% ) IE (%)
9 1/250 6 1.50 1.81 19 33
10 8 2.07 1.78 27 34
11 12 2.84 1.72 36 33
12 16 3.50 1.67 43 32
13 18 3.70 1.65 47 33
5 1/500 6 2.05 1.83 13 33
6 8 3.06 1.79 20 32
7 12 4.88 1.73 31 32
8 16 5.82 1.69 38 34
3 18 6.61 1.67 42 33
14 1/750 6 2.36 1.86 10 33
15 8 3.90 1.82 16 32
16 12 5.91 1.75 25 33
17 16 7.55 1.71 31 32
18 18 8.51 1.69 36 34

Polymerization conditions: (n-BuCp),TiCl,/Sn/I = 8/12/1; Monomer: styrene (5 mL) ; Solvent: 1,4-dioxane (5 mL) ; Tempreture, 95°C ;

* Determined by GPC

DT MBLESI AR ZHREE

3 4 (n-BuCp),TiCl,/Sn/1. = 8/12/1 {k &
SRR CIGERENS, KR = ek, H
FRERIMARE LMK S mL, FEREYH GPC %
E. B3 gk (a) RRBEERRN 6 h B

2.4

HYIH) GPC B, BAWR M, = 2.05 x 10*,
MWD = 1.83; H A 5 mL ik, W% 8 h,
REWN GPC iEEI K 3 fhk (b)), BAEWM
M, = 3.81x10*, MWD = 1.78; fJ5 /A 5 mL
R, RIZE 10 h, AW GPC & & 3 il
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Fig. 2 Molecular weight and molecular weight distribution via monomer conversion with different [ I, ]/[ St] ratios
g Z(c), BAYM M, = 4.61 x 10", MWD =
b 171 &3 AT LA Y, BB AR R $
WUERT 4R, REWR T RIER. BREWn
: TR,
2.5 Sl&F I ) FTIR 5347
31 KA F (n-BuCp), TiCl,/Sn/1, 5| %7K 24
AW, Sn AE ik J5 R i 5 (n-BuCp) , TiCl,, fiff
I I I I I I I I I I I I . N . -
16 17 18 19 20 21 22 23 24 25 26 27 Ti(IV) Fedb oy TiC D) A hi2E, H5HEAEY 1,

Retention time

Fig. 3 An evolution of GPC traces of the obtained polymers

Sn

(n-BuCp),Ti(IV)Cl, (n-BuCp), Ti(II)CI

(initiator)

SR JSCOTE FR B 1 Pl (81 4) 7

O
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Fig. 4 The machanism of I_ initiated by (n-BuCp),TiCl,/Sn

Bl 5 gl &A1 Kbk R (n-
BuCp),TiCl,/Sn/T, v 1, &A1& 4 Fr 7 1 B s 3
ZbJE AR = LM E LS 4k (a) 7]
BBIRAN, FERHRT, £913.2 em ™ HIBLT
WO AR AR ol g R R (n-
BuCp),TiCL,/Sn/1, 1 I, 5Mf#)5, 913.2 em ™' kb
PRE LA R W g (WL S ik b)), AL
K (n-BuCp ), TiCl,/Sn/1, TE KA 18 4 B i
NP, PRAEIE A R AL AT 5 R IR MR A
ENiE S
2.6 'H-NMR %#f

SI&F L, 5 TR 570, HIRE B RER 1)
$¥H(m)R3.5(m = 570/163). WEHEW(F 1k
% 3) 19 H-NMR &l 6 iz, 6= 6.4 ~7.2 Z [
(I J8 TR OR S MM BE R 38 B0 (SH) , 6
=5.24 R ELE(—OH) . BEW 1 EE W
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Fig. 5 FTIR spectrum of I_(a) and the residue (b) from
the treatment of I, with (n-BuCp),TiCl,/Sn
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Forp 1, A Loy 23 B2 07 7 o106 (SH) 55 ki
(—OH) MBUrRIE. M, FRREYRE > T2
RN, LM R TR, 5150 1, h e
(PR SR A 28 0 i ol 5 | R SR G H
e, M, T UIRYE T R (2) TR
M, =nxM +M =154 x104 + 163 = 16179
(2)
Horp M SR MG BR R 73 75 (104) , M;(163)
G RFN R EVRE > TR TR REW
BR(r) a5 e (3) 35
r=M/M, = 66100/16179 = 4.09 (3)
Hrp M, Fm REWR R 7r 14 (66100) . 5
BYIRVE R (r) 551 K0 1, f93FACE REHTECH
(m) HA—2, YA 51 50 1, B EIEA AR H
TR AW

C d e
cDpCl, HO—CHj ?;«ECHTCH]T
B ©
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0
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Fig. 6 'H-NMR spectrum of the sample ( Run 3 in Table 1)
catalyzed by (n-BuCp),TiCl,/1./Sn system

2.7 “C-NMR %#7

BEWY (£ 1R 3) AY"° C-NMR W& 7 fr
N, GERFWIAE 6 =145 ~ 147 Z A BL L&, JIF
HZR AW RTCHER AR L (aPS) .
2.8 WAXD &

Bl 8 AR LGk AR (R 115w 3) i) WAXD

1 1
150 145
S
Fig. 7 '"*C-NMR of the sample ( Run 3 in Table 1)
catalyzed by (n-BuCp),TiCl,/1./Sn system

20(%)

Fig. 8 WAXD curve of the sample ( Run 3 in Table 1)
catalyzed by (n-BuCp),TiCl,/1./Sn system

s, WA ARBLRIAT =, FIEERT S
120 = 10° ~ 15°F1 18° ~25° Wi4b HH L 5%, 32
HZREWAL . ik, WAXD 255tk ie iy
13RI AT BN TCRLEEE .

3 #Fig

K H] (n-BuCp),TiCl,/Sn/1, fEALIA F 5| & 4
LN ARG, HRIFUE R RE L IO IR R
M. GPC Z5 R PIRILN R SR EY T &
ZIFELAMHE KR, ZRAG LS BEA NS
A MERE ;P C-NMR F1 WAXD 25 R K% R4
PRI 20 s "H-NMR 25 S30F B B 5945
FREPEARE, IRERSERITEHREDE
Boh4, 551K7 1, BFIFEIEBEIEA L.
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SYNTHESIS AND CHARACTERIZATION OF COMB-LIKE HYDROXYL
FUNCTIONALIZED ATACTIC POLYSTYRENE INITIATED
BY (n-BuCp),TiClL,/Sn/I, CATALYTIC SYSTEM

WANG Hongli, KONG Yuan, MA Lifu, SHENG Yaping, HUANG Qigu, YANG Wantai
(State Key Laboratory of Chemical Resource Engineering, The College of Materials Science and Technology,
Betjing University of Chemical Technology, Betjing 100029)

Abstract Comb-like hydroxyl functionalized atactic polystyrene was synthesized using the catalytic system
(n-BuCp ),TiCl,/Sn/1, wvia living radical polymerization with Sn as the reducing agent and poly-
[ ( phenylglycidyl ether)-co-formaldehyde ] (I.) as the initiator. The effect of polymerization conditions, such
as temperature, time, as well as the ratio of initiator to monomer on the polymerization performance was
investigated. The catalytic active center was stable at the temperature range of 65 ~95°C ,and the propagation
rate increased with temperature. The structure and the properties of the obtained polymer were characterized by
GPC,"” C-NMR, WAXD and' H-NMR. The GPC result indicated that a linear dependence of M, on the monomer
conversion was observed in each case,and the resulting polymer exhibited a rather low polydispersity (M /M,
=1.6 ~1.9) even the polymerization time (6,8,12,16,18 h) or the ratio of initiator to monomer ([I,]/
[St] = 1/250,1/500, 1/750) had been changed, which confirmed that living radical polymerization
characters prevailed in the polymerization process. The results of > C-NMR and WAXD suggested that the
polymer is featured by an atactic structure. The 'H-NMR results showed that the polymer molecules possessed
hydroxyl groups,and the number of arms in each polymer molecule was in good agreement with the number of
epoxy functional groups in the initiator (I,) ,which indicated the radicals derived from ring opening reaction of
epoxide were the active species for living radical polymerization of styrene.

Keywords Metallocene complexe, Living radical polymerization, Comb-like polymer, Hydroxyl

functionalized atactic polystyrene





