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B E LUET B (n-Buli) Sy 51 A5, B8 E ke i 0], o 35 -+ b 5 2 R B/ DY 2wk g ( SDBB/
THF) , 028 LA 508 1 A AT 1THTSE. IR R T TE 60°C RGBS M U VSRR L0, I T B 4 3
T3k 80% AiA7. " C-NMR SRARLE R i 7m HAOWT S0 4LA S A5G o 3, =TT mm RISEHLAITTA mmmm &
AT IR 57% F1 45% s DSC 335 B AU BRI L S AR (100°C ) , 1 HLAE 211°C A — Rl GPC 4521 3%
W1, S oy S i o R ZENEOR, B TR A A

KA

STAE BRI B 205, A LR IE 205 (iPS) |
LRI 206 (sPS) SR Z MR AWM AL, BA R
ol 10 A A T FEE R K i B TR ol A R S
F LA 2 PERE A )12 BB

F) HHTA Lk, BA 20 37 B 4 i vl 33
R BE LI, R RS ST RE
S BOA IR A B = (0 ST A P R RE T, LR A T
FIRFENE R R M e s, kK RE T 2 Fh
ALK R, ek 22 RN A RY R 1k
ZLO H ST MR AT IR F 95% L) b A B
B L, TS - R A ) ST A AR T BE T AR X H
55, WA B MR IR 206 (aPS) . H A B 16 7%
BAHAR W LI M 7o F AT R
FEA Bt BEL R T, PRI . U, 5T 6
B RA N ROR S S A R M B AR, B g R
LR R A WHERE LI & B AR & o T AR HE
HEHLRE.

IR, 7088 3 A 5 1 ROK 0 31 M R A%
FE A G AR A S B G Y S5 A VIAEIE 2%
BRI, B I & R AL B Y R 25 F 1T R
M (RO) M(n=12;R AT IRRETF,C,_,BIIE
W RER Cq_p F5 A HRHU RIS s M 4 i i+
&J&/). WLl n-BuLi/t-BuOLi Hy 5| Kk &7, 1
-30°C N AR iPS, VIR 2 ~5 K, B kfE kR
50% 4. Lh PILI/LiOH S| RIR RS w ks 4
FREE 90% LU L 1) iPS  {H 2 ik B - 60°C, % fb 3

MBS T RG, SRR, ST, + T he AR Rl

N 15% #2475 £, Alain Deffieux 2543t A
JH s-Buli/¢-BuOK &§ n, s-Bu,Mg/t-BuOK, 7£ & 24
T 25 A T W AT A iPS, S B E] 6 B 48 h, 4
PR FAL R B R RCR AR,

Bt FERR TR 42 £h 2 — R e AL R A —E
B RA LS EAS Y, 5A VLS e IE
B LA 37 A LA B+ 4 J@ LA HLAL & P 7
T TG s AN, AR T
AL 25 4 12 AR SR FH A o 2 2 i 1
(SDBB) S Z5 9 945 7], LAFA & bt A ¥, n-Buli
KRG R IR R TR G AT T 5.

1 KEEs
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WO BETE Cal, fE7E T AEIRE, TR RPN
FEA& BN 2 ORAF; R M (SO EER T,
CaH, el i, SR J5 ol 28 10, TR A SR T T
SCIORAF, 28 s Uk (THE) |, FH 2540 Inl i 1
M A ZE . IE T 258 (n-Buli, 0. 85 mol/L 3
CLLEA ) o ), SR i e e 1
ot FEOR R R BIUR T e HOR R R 5 S AR
i RS2 R 25, B =L BT

W7 THF %5, 108 LABR i i S5 Ak
B, LA TR K AR B AR R 2046 (IR,
KBr JE ) 4 #7 3 25 #9 F5 4F (v/em™") : 2924
(saturated C—H stretching) ,1635 (aromatic C = C
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S—OH S—O0—Ba—0—
2C oHp3 (”) +Ba(OH), = Cj5Hy3 Jl)

vibration ) , 1460 ( saturated C—H deformation ),
1175 (S = O asymmetric stretching) ,1045(S =0
C—H
deformation ) ,690 ( aromatic C—H deformation ). fx
JE ¥ HA T — g B THE SR 5 AR 2 be i
AW (0. 05 mol/L) , £5 .
1.2 XZHEE

Pl — 5 W P B4 O IR B B I, AR s
A TR AR R (€ B THF) /YR 2
BERE U, B Ja INACTE T B6 48, T 28 60°C 17 5R
G RS I & L E I AR &
DUE. fEFLZS AR P T S0°C T B iR
1.3 RAE

T EIATEY) & I 2K R G IR L
IETEZR ICH B A% b HIWh s 19 T Bl 2 12 h J5 R
WYHEZ TREEE, ANEY SRR S Y E S
SYECR IR T RN S R TR T A
AW BEDLE. T 4. H & B PERKIN-ELMER 7
A DSC-2C #4755 22 47 4 2 F4 70 A AL (DSC) Pl 5

symmetric  stretching ), 830 ( aromatic

—n=0

~£>‘C]QH25 +2H,0

T,\T, , FHEHEHy 10 K/min. 535 K H oA fifi
FH Waters 150C #E/1E 1815 2354 ( £ [E Waters 2
A WE, B ZEAR R, FEMWEEY 2 mg/
mL, #EEER 20 pL, WIKIREEE R 150°C, Jis
1 mL/min. DIJCHLERIE Z M ArBE R brfe. " C-NMR
IOV 25 44 1 AC-600 ( Bruker ) % % 4% 1 %,
CDCI; i3], TMS S AR,

2 RS

2.1 SDBB GETRZHRABTEAS

R R T 1 BB A ALK B,
AR AR AR Y 30 (AR B ) v A
FUS I, T O—Ba BEROMLAE, (75 HAE 3R
KRR SR 40 A B, I, FRA T I — 2 it
o THF, 38 11 3 345 i M, 9F 2 10 95 % 1L 1)
[THF]/[Ba] =15.

PAFRELE K355 5], SDBB/ THF Sy 4% ) 445 il i
#, 15 60C 44 F , A n-BuLi 97| & R4 2,
BB TRE SRILEL

<

Table 1  Anionic polymerization of styrene initiated by n-BulLi in cyclohexane in the presence of barium dodecyl benzene sulfonic salt at
60C™ "
Recation time M, Conversion of MEK insoluble
Sample [Ba]/[Li] MWD*® Phenomeneon
('min) 104 monomer (wt% ) fraction (wt% )
14 0 120 5.1 1.1 100 — Homogeneous
2 0.2 120 5.8 3.4 100 — Homogeneous
3 0.4 120 6.4 21.5 51 69 Gelation
4 0.6 120 10.7 37.7 69 79 Gelation
5 0.8 240 — — 20 — Precipitate
6 1.2 240 — — — — Retarded

 The designed molecular weight was 50000, [ THF]/[ Ba] =15; " [ monomer] =8 g/100mL solvent; © GPC data from unfractioned samples,

calibration using PS standards. Sample 1 ~2 were determined in THF at room temperature, k=1.6 x 10 *dL-g ™!, o =0. 706; Sample 3 ~4 were

determined in O-dichlorobenzene at 150°C , k=12.1 dL-g~', & =0.707; ‘[ THF]/[Li] =1.0

LHIR R, + RIS IE T
PL([Ba]/[Li]) BEE/R LA, 3R WA 73501 5
LRI B DLTE B ERARAS. [ Ba]/[Li] /)
F0.2 f, RGO A, [ Ba]/[ Li ] 3K 3
0. 4 i, G F P BRI, 5 min 745 B4
PERIME, PR 3R A WA T30 B b THF T il 45
LR, S Bal/[Li] B LLAEIE R F] 0. 8 I,
Wb BUBURCIR DT3E , 2R & 1R T [, SN 240

min ) EAREE LR HA 20% . [ Ba]/[ Li] B9 HAE
HE— 2R, DI LW B RS W AR A

MR AT, B U LG 3 i, e A
R T Rt (AN PG R , VIR
EECRA R, 24 BB ek DL s , RS O
FRKR T B B RS A, SRS T
ANEEER o> SR e n] L, SER R R —
TR AT BE S S5 WA B UM B T 1 3%
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T B BRI A A A e R AR A L R A
T e, 5 SR R R e S BE AR 4 A L, 7E
BV 2 e AR T A HLAR I A L ]
RESINIX PR 4 AT B SDBB f=/E 2% 4. fAFT
KAt i e L A S e BAAAA AR TR AR R
T T S ST R M s o ) T R R XA
FLPE—25XF SDBB 7E AR PRI 77 Hh (1) SR 46 L KRN
A AR A VE ARG — 25 B 5 KRB
2.2 BREZHEMRIE

WA TRAEER, MEAC AR, LA
THF 975 7, n-BuLi Jy 5| %& 7, 15 5] JC #L R K
2 (aPS) . HAEFRE bt  THF T i 55 95 570 v 2
A R B RE. A< SCLA SDBB/THF Ay 45 #4) 14
TR, TR CE BT RE IR R R
I AERR e PO BEROIR , L 2 B RLIR BT . 72 A
% SDBB & 1S T A5 2] T H A Y& & iR
KRR M. X R, RARIGA —E BRI
FARRAENE. M A 20 = i a5 , FR A 1% T i
AT AED C-NMR 5, e e UL 1.

mmmm
pentad

iPS [Ba]/[Li] = 0.6

147 146 145 144
o

Fig. 1 Typical *C-NMR spectrum of the MEK insoluble

polystyrene

WA 1 R, THAERR K" C-NMR
WEEITE 8 = 144 ~ 147 JE BN 3 A B4R
U MRYEAHOCSCHR [ 14 ~ 16 ] 1438, 6 = 146. 28 f
ERLER 6 = 145.65 R TL ML, 8 = 145. 18 Hy
()RR #4. DAL rp mT DL BH (5 7 1) 45 RIL465 #) U6
B H B m R RS A VTR IR 22, TC R 45 ) IR
UEEAA HLEER (0 in A R T3R8 2 0 ST A s
3R, A R T IE L AG FZ 1).

TESSHRER G, 8 m Rl r K FoR 4
THE E AR ST A SEA U R R SE 2. Hoh , m
T AR AR S Ak T K -4 ST ) 1l 1 T 1T 18—,

FERAR B AL T 43— 4 A B A ST T Y 7
.

1 TR SRG W rh T AL B 1 ST AR AR B B i
B Z AR, R, AT DA EAT — o B HES 1
JIINEERITMA G (= ocdl = Hocdl i
FICIHAE) R FR B AW AL L. DL =
JCLH A ], 0T BE A AR B SEAG (mm ) | T8] S A
(rr) TEHESIAL (mr) 3 Fp = B0 AN [R] Ay A4 Y
HESNEAZ G TS B R AS R A2 A0 %, 4% i
4 TED AR AT s HARX & 2 iy 2270, R, mT DA 5
BREDTIE RIS S Wb m A r A HES D7 20, &
PR [A] 2 anF O R A

(m) +(r) =1
(mm) + (mr) + (rr) =1

Z WA S SCmk AR % T SO A

= JCHH mm FIEFRL T ICLH mmmm ()5
mm. (%) =

mm x 100%

mm +mr +rr

r

IT. (%) = x 100%

mm + mr +rr

mmmin

x 100%

mmmm. (% ) =—————
mm +mr +rr

Hrh mm Ry 145.90 ~ 146. 50 &b & s mr R
145. 50 ~ 145. 90 Kb TE AR rr Sk 144. 80 ~ 145. 50
KT R s mmmm fy 146. 20 ~ 146. 50 b4 FH.

ZEM =04 mm FEE I H T mmmm EU{E
R/ INA] TR — R G W SR, H RO,
2L R . N 1 AT AER R 2
SFRLATTH mmmm VIR, FE R S, SRR
=G mm FEERL T I A mmmm () F AT Ik
57% F145% , [ —J0H rm S8k 30% .

Ry SR IR A ST U SRR L OIS
A, FRATTOF TR AT Y R A T T C-NMR I,
Hpk e 2 frs.

M 2 FRl UE H FERORESH b, BT
TR AT TR o R R 0, 5 L B T R Al &
TC R AR S A W R 2250, 76 6 = 144 ~
147 Ju RN A 3 AW i 20, S oo 4
mmmm [ VT 55z 5. 33X 2 W ZE T M AT 0 43 v
PR RRAS R B AT AR L. (B TR AN i
SR L E B TR

MULEAZRERAL A, FeAT 1A 2518 2 2L SDBB/
THF S5 50, R 58 7RG IrE S i 7 —Fh
SR B R SRR



6 3] R A TR R U TE T B0 B 1 SR SR R RO L S M AL R PR 5 737

1 1 1 1 1
147 146 145 144 143
o
Fig. 2 Typical *C-NMR spectrums of the MEK

soluble polystyrene and the atactic polystyrene

2.3 GPC RI1E
BATYN LA R IR O M, BAT 45 &
P AR — SRR, 76 150°C T, i@ad GPC Xf
REW i B AT AT Ak (LA 3) . 45 2%
R, SR o7 S BT T EAR ZEROR, N
4 SHEE S RBHE D 5 x 10°, 505k 10.7
x 10* ;17 IR A 53 -1 S A AR 5, A B i vl
K377, W5 4. 5. Z IR R TC RS B S Al
KAVl EA IS, — T bR R
UG TEPERE s 5, Tk Rl 25 5 55 i 2% 15 P 1
M RT3 P 2 BB, 51 A R R A 1Y
IR O s 2R & b B BEI L LA 1 1%
Jo B A AT
0.8
0.7r
0.6r
0.5+ MEK insoluble fraction—_

0.4F

0.3F
0.2 | Unfractioned polystyrene

dw/dlgM

0.1r

Fig. 3 GPC chromatogram of the polystyrene

M GPC i [&] L nl LA i, B 44 70 54 A 3 x
10" LUF P 3R A ol B T B B2 44, 43 &k 43 Aii
WL R 4.5, 0, Pesh e 45 158 3, 7

T BN BRI L, F B FRA R
S, TR 6, phy b e SR 0 5 T e
(9 235 45 T 25 2 355 P 22 1 £ 2 S A, LA 20
AL RIS A RS (0 PR K N 7S A TR
B R A Y.
2.4 DSC FR1E

DSC W45 SN 4 5. o, (a) 0 T
SR ATRE S 00 THEL 2R, (b) S T B S 75 3 43 1
T 2R, WA 4 (a) 7, 16 98°C J B LA Y
B AR IELRE , 76 211°C AR , 5 Luigi
Cazzaniga "7 338 (10 iPS i 1Ak Fl A H U6 1 3L B —
B 178°C 4b iy g [T ARG /N, Ry 45 A 58 1 iPS
AR TITEC 211°C b i1 0 B . EL TR RS AC, h
2 S SE R PS5 PR I

90 95 100 160 180 200 220 240
Temperature (°C)

Fig. 4 DSC curves of the polystyrene

a) Unfractionated; b) MEK insoluble fraction

TR R 5 4 (9 DSC O ik 45 SR W R, 7E
178 °C Ab Ay Rl WETH % RUTR G W h 45 iR 5
(T8 —FR g B 4 T, T RE A T b B2 e 1 X
— TR Y A /N B A RN R A

3 #ig

DAFREBE AT, T BB AR R R L/ PU vk
W Ry S8 KR VAT 0] T R S | R R A A v il
(60°C) FH M ST ERR . K RE
AR v S AR I AR AR AR L &
TERAhAR , ORI & I 80% , AH N Y A
FL=Je mm PR HICH mmmm 1) 75 5 0] Gk
57% F1 45% . AT I8 o3 AU 0 03 A5 LR JE I
%, AEAT LSRR S5 44 o . GPC il B, S 43
T 5 FE 2R, o F R AR
YN R SRR .
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STEREOSPECIFIC ANIONIC POLYMERIZATION OF STYRENE IN THE
PRESENCE OF BARIUM DODECYL BENZENE SULFONATE

SHI Fengtian, LU Jianmin, HAN Bingyong, LIU Li, YANG Wantai
( Beijing University of Chemical Technology, State Key Laboratory of Chemical Resource Engineering, Beijing 100029 )

Abstract The anionic polymerization of styrene has been studied using dodecyl benzene sulfonic acid barium
salt(SDBB) /tetrahydrofuran as ligands,n-Bul.i as initiator in cyclohexane. The results showed the remarkable
effect of SDBB on polymerization. With increasing [ SDBB]/[ Li], the polymerization rate and monomer
conversion decreased, and the gel formed gradually. The polymerization was completely retarded at [ SDBB ]/
[Li] = 0.8 at 60°C. The stereospecific polystyrene was obtained at 60°C , and its weight content of methyl
ethyl ketone ( MEK) insoluble fraction reached about 80%. The "C-NMR spectra indicated that its
microstructure sequence was isotactic-rich polystyrene. The contents of mm triad and mmmm pentad were equal
to 57% and 45% , respectively. The T, of 100°C and melting temperature at 211°C were observed in DSC
curves. The isotactic content of MEK soluble fraction was also higher than that of PS obtained by conventional
anionic polymerization. The GPC results displayed an obvious difference between the theoretical molecular
weight and experimental molecular weight. It also indicated a much broader polydispersity of the experimental
sample.

Keywords  Anionic polymerization, Isotactic polystyrene, Stereoregularity, Barium dodecyl benzene

sulfonate





