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(WAL RS AR ToRB CHORRRE S TR R 430062)
# E LINI(COD), F&h A AR, FIHARRSGESN TRMERZE. X iEsT 7" -

NMR,'H-NMR ,GPC \TEM \DSC TG % £ k. 70 A R T, mALR A &0 0 FLALFHE N 1.50 g, [St], =
1.79 mol - L™" ,T=60%C ,t=2 h,[Ni(COD),] =1.102 mmol - L'  #5{k. 23k 78% , AL 7% M 662. 14 g PS
- (gNi - h) "R AT TEM R W3R K /N 100 ~ 120 nm. GPC 434 £ W E 40 F ik M, 7 ik 1. 64 x
10° 545 50 F 4 M, 13K 9.79 x 10° , 0 F o404k 1.6, 78 376°CF , WK 205 B A R 47 i 3R i v, ook
AEFEAIREE (T,) y 114.95°C. " C-NMR " H-NMR J TG HESE 179y i [F) WL 285 Ky . 30 aod % 58 5 SR ) 73 2 19 0]
BT A8 T R AR F VI ALRE £, 20.76 kJ/mol , R 7 #2 . R, = 1. 687 x [ St]"*' [ Ni(COD), "
([St]<1.79 mol - L™'f}), R =0.036 83 x [St] " “"™[Ni(COD),]*™ ([St] >1.79 mol - L™"H}).
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L1 K

RO (G pra, R Kb 250 )
JCoK A Wi (THF, 23 A 40, K BT AR K IE RS
k=150 ) Ni(COD), (X (1,5-3FF — M)
HHR(0) , Acros) , Tk G W be (43 Hr 4k, W b K
AT, JoK W (O3 pr ki, vh b R 2% A
TT7) AR (37 % , 43 B 4l , I B AR KA A FRA
AR T, S SRR (A Fr Al R Ak 2k
RVAF 53T, = M (o3 B 2, KT 2R T X
RICAR AR ) . JosK THF 42 — 28 /i /Na [1]
L2 W B IR s A ol P 4 5 e 2 R A

4,4, 4-Z G030 B -2-( SRR IR O L) TR
2T (L) i SCik & k. #5  125.2 ~ 125.5C
( CHR{A 125 ~127°C). '"H-NMR ( CDCl,,§) : 0. 82
(t,3H),3.79 (9,2H),7.43 (dt,6H),7.52 (dd,
3H),7.66 (dd,6H); “C-NMR (CDCl,,8)13.5,
59.8,70.1 ('J, =111 Hz),117.8 (CF,,"J =
290 Hz,’J,, =14 Hz),123.7 ('J, =294 Hz),
128.6 (*J,, =13 Hz),132.2,132.9 (*J, =10
Hz),165.3,174.4 (], =34 Hz,'J =13 Hz);
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"F-NMR (CDCl,,6):72.4 (°J,, =2 Hz); *'P-
NMR (CDC1,,8) :19. 4. C,,H, 0,F,P (50 £ /3 #7
(J1 ) :C 64.96 (64.87) ;H,4.60 (4.54).
1.2 {8 Rait &4

"H-NMR " C-NMR {i Jf] 3% [ BC 5 ¢ /A 7] A
) INOVA 600 MHz #% % 2L (CDCL, ) ; H 4>
JEM-100SX 7137 G H1 45 ( TEM ) ; 52 [F WYATT £
1 BE OGO HUN 4 800 2 A (GPC, 35 51 ok
THF); H A& Olympus f& )% & % Bi; Nicolet
T ES - FREfE

L =

Fefex =

170SXFT-IR St % {% (4000 ~ 400 em ', KBr J&
J) ; Perkin-Elmer 2400 II #! CHNSO JT % H 3} 43
B ; AU03-01260-5 %Y T 4 #:4F T4 ; WRS-1A
BURUCF I8 1A ; Perkin-Elmer7 #4873 #7 AL (25K
S5, FHE# R 10 K/min) .
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R, A TR, BAARR Y, %R
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145 ~ 146 {8, B —1 6 = 145. 362 2204 | X 2
W) R M IR IR 7R 3% 6 = 40.97 2
— B AR T AE 8 =28 Ab A K 40 AR
Pewet ] RO 2 B AR I A R

Fig. 1 'H-NMR spectrum of sPS
Polymerization conditions;:Ni( COD), + L as catalyst, [ St],

=1.79 mol-L™' ,T=60C ,1=2h
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Fig. 2 '*C-NMR spectra of sPS
Polymerization conditions: Ni ( COD), + L as catalyst, [ St], =

1.79 mol-L™' [ T=60C,t=2h

FH2 1 v 2 54 S AT R BE 43 B, AR kLA
K/NH 100 nm, k742 4340 0. 16. TEM & 7~ FR kL
HARYHN 120 nm (ANE 3) , 5RAR 0 — B
rRl DUE Y FUBORL R /N LL A A O A LR
i AR o B R AT R B 2 UTUE L Y B
Z NN KA ETERE R 4. B 4 ZLIP AN
s 00, e SOy 2% 1 A R) B 2R 6 B I T 459 3L I
KL TEM &, NI 4 vhonl & i 2L BORL R /N Bk
FEAT ARG S5 7 A, oy i M, S 3800, S
AL AL 15% .

Table 1 GPC of syndiotactic polystrene

Ni(COD), M, M,
No M, /M
(mmol-L~") x10 7% x10 ~*
1 0.578 144 53.9 1.8
2 1. 102 164 97.9 1.6
3 1.491 120 51.6 2.3
4 2. 004 165 17.2 9.6
5 2.502 49.3 2.07 23.8

Fig. 3 TEM micrograph of sPS (in THF)

2.1.3 #IHr
DSC %dhs 2 W 7= Wy i B B AL 5% R IR T, A
114.95%C . 7€ 262°C I 47 — 25 dh ¥ il g , 5[] L 2%

i ; 100 nm

Fig. 4 TEM micrograph of PS (in toluene)
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Fig. 5 TG curve of sPs
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Fig. 6 Conversion versus time curve at various [ St](mol-L ")
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PESCHR[13 ~ 16 ] R, 75 LR AL FLIR R & K &
s FURH OC T RE A1 ) 4 1 e 5 e iz v, i A6 7
TEA VRS /N A BIL B 700 b s i, R L PR
SRS FRATT Y S5 K A3 BT, T 2 PR SR I R | A P
JIN A A5 A A TR A B I A4 R T R A BE AR N BTG
TAHEATE T, AR 0 A AL FLUER B O RIOCR AR
WY, SRR 20 T A 3R AR T AR s FE AR 1 35 590 vh
VAR B2 /0N T SR 7R ) A R R, s i R
KOG RR K AR, HILei AW H 2, &
it 2SR AT R T R A RO A B % 5 R Y
AW, IR AR TR AR SR O R —
AR W B R T, AL I AE THE op B4 (9 4 £k
BRI O MEC AL PE BT G,
2.2.2 DR BAAR U BE (5

i 15 6 AL, Bl SR A B R 2 0 T 1
i, G RN A R A R B TR H Y R
PRV R 1.79 mol - L' A, A o RS A I
/N AR E 28 8t Smith-Ewart ZLWCR G H e, BH #
F R, EW TR FEEE N, AR vk B
Pl N, 38, B LR S RN RO B,
BT W R O e B8 R S i ik, 2o v i R
W T B 2 A 00 SRR 2 0 R EORY 3%E RCIAT 4k
SL TN 238 MU B B ), S B AL AR TR
W, A RN Y 33 ST 98/ LA InR ) X In [ St ]
VEREDIF AT e A, SR A5 R oc [SU]™ Y (24 [ St]
<1.79 mol - L™") 3R oc [St] "™ (H[St] >1.79
mol - L7").
2.2.3 AR MR B Y 52

L7 51 AN [ b 590 v B2 B SR 2 I B Ak
R E] A Al £ 2 AR R S AR B L
0.6% , {4k Ni(COD), 7£ 7K ik Bf & 0. 0010
mol - L™'(0.0303 g) B}, B4 K1 A fie K 055 1k
AL FITE M R 662,14 gPS - (gNi - h) 'L L
InR Xf In[Ni(COD), J¥EK 8, 15 #E17 L Pk |l 1A,
SRAF R, oc [Ni(COD), ]"™ . 24 {4k 550 FH 2 45 /)N
7N TR VAL ST e VA DR o ARG A
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Fig. 7 Conversion versus time curve at various
[NI(COD), ]

[St]y=1.79 mol-L ™", T =60%C,V;,, =100 mL
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Fig. 8 The relationship between InR  and In[ Ni(COD), ]

[St]y =1.79 mol-L~", T =60C
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[V EE e R R 240 S min 7 A7 6 L5 R, =0.03683 x [St] ™" [Ni(COD),]"*
FII B 0 A0, TR A RN — T ([St] >1.79 mol - L")
B 5 5 AT U A T 1 52 8 B yesl
e 24 5 1 36 FE 16 T 60°C I , I 96 I 71 75, B4 390]
TSI G 36 2 PR T K T 95|
A 3R H T AL 5T 1 80 0 15 2R IR 7 5 . 40|
5—J7 i, T AEALAI[Ni(COD), J/EME R T o 405¢
60°C N IF i 4 AL TR PER K RRAG IR ok ok 4107
AR A B0 SR UL, 0 75 52 1 6 i 25 0 By
Th T A5 WA FEL O o AT LR A o A 51 7 L
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FN R AH B T R #) 60°C LA B R, RAE R T x10% (K™
B RIER AR, i S5 2 10°C R, R A 5 A E Fig. 10 The relationship between InR, and polymerization
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HELFE ST A 5 R R 075 1L L S 4 RS B L 139 L1 AKCOD)] 20,0010 moteL-
R 3 2 (T B Archenius 243, S 10 7T 1L
A 38 R 0 9 05 TR EE 0 0 R 3k 5

1 3 it

InR, = 2.4968 x — - 11.4385
T

59 5 ) 2= G AL RE E, R 20. 76 kJ/mol.
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Fig. 9 Conversion versus time curve at various
temperatures. [ St], = 1.79 mol - L™' [ Ni (COD), ] =

0.0010mol - L ™!

W 45 S s A AR A AR R, = k[ St]™
[Ni(COD), 1™ ([St] <1.79 mol - L™") Fl R,
=k[St] " [Ni(COD), 1" ([St] >1.79 mol
S L) AR B 2 0 A L R A R T A

R, =1.687 x [St]"* [Ni(COD),]"™

PLNi(COD), F1 3 w6 Bic 44 R 46 551, DAY &
Wk iR (THE ) Sy Bl s 75, 2L W 3R Gk & 1 1 18] AR
ROR O BRVT T B RN R A B g 52 e, I %
k4T T C-NMR,'H-NMR , GPC . TEM . TG %
TAE AR R B e RN & [St], =1.79
mol - ™', T=60°C,t=2h,[Ni(COD),] =1.10
mmol « L™ AP 2L &R 1.50 g F bRk
T8% AL FITE M 662. 14 gPS « (gNi - h) ™', L
FE4r AT 5 TEM 3 B 2L R K /2 100 ~ 120 nm.
GPC 4 Hr ZWIE 4y 15 M, W3k 1.64 x 10°, 4%
BorF i M, 113K 9.79 x 107, 43 F 43 4i A 1. 6.
TEE IR ~ 376 CHE N, BAR O M R ARG #i
MG X R A RN B 1 RIS L AR T
RGN R MG AL RE £, i 20. 76 kJ/mol , # 5
R
R, =1.687 x [St]** [Ni(COD),]"™

([St] <1.79 mol - L"),
R, =0.03683 x [St] ™" [Ni(COD),]"™

([St] >1.79 mol - L™").
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KINETICS OF THE COORDINATIVE CATALYTIC
EMULSION POLYMERIZATION OF STYRENE

WANG Juan', YANG Tingting’, PENG Hui’, CHENG Shiyuan’

(' Chemistry and Chemical Engineering, > Faculties of Material Science and Engineering, Hubei University, Wuhan 430062)

Abstract Syndiotactic polystyrene was synthesized by emulsion polymerization using Ni( COD), and ligands
containing P and O as catalyst. The reaction kinetics of the above process was studied. The product was
characterized with ”C-NMR,'H-NMR,GPC,TEM, DSC and TG etc. The best polymerization condition for this
reaction system was found to be : emulsifier 1. 50 g,[St], =1.79 mol - L™',T=60°C ,z =2 h,[ Ni(COD), ]
=1.10 mmol + L ™" the conversion was 78% . The activity of the catalyst was 662. 14 gPS + (gNi - h) ~'. The
emulsion particle size was 100 ~ 120 nm from the results of particle size analysis and TEM techniques. Very
good thermal stabilities of latex are observed in the temperature range of ambient temperature up to ca. 376°C .
The GPC analysis results show that:the weight average molecular weight M is 1. 64 x 10°, while the number-
average molecular weight M_ is 9.79 x 10” and the width of molecular weight distribution is 1.6. The “C-
NMR,'H-NMR and TG analysis results proved the syndiotactic structure. The polymers exhibit glass transition
temperature of T, =114.95°C. The rate of polymerization (R ) was found to be dependent on the monomer,
catalysts concentrations. Preliminary study on the kinetics of the polymerization indicates that: the apparent
. 18 20.76 kJ/mol, the rate equations are: R =1.687 x [ St] #INi(COD), %™ (when
[St]<1.79 mol - L™"),R, =0.03683 x [St] """ [Ni(COD),]"™ (when [St] >1.79 mol - L™").
Keywords Syndiotactic polystyrene, Catalysts, Kinetics
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