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Table 1  Polymerization of NBE catalyzed by Sc(P,, );/TEA system

. [ONERITS Aging temperature Aging time Reaction temperature Yield
n (' molar ratio) (c) ('min) (c) (% )
I 20 40 5 60 54
2° 30 40 5 60 70
3 40 40 5 60 71
4 30 40 5 60 89
5 30 40 10 60 90
6 30 40 20 60 87
7 30 40 5 40 51
8 30 40 5 50 72
9 30 40 5 70 68
10 30 30 5 60 86
11 30 50 5 60 75
12 30 60 5 60 69

13* 30 40 5 60 98

V=21 mL;" Polymerized for 7 h; Conditions: ng, =1.3 x10 ~* mol, nypg: g, =50 (molar ratio) , polymerized in toluene for3 h, V, , =1.6

mL
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Fig. 1 " C-NMR spectrum of PNBE obtained in entry 13
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Table 2 Effect of different reaction conditions on molecular weight and microstructure of soluble fraction of PNBE

) Aging Aging Reaction Soluble v ROMP
Entry s temperature time temperature fraction® o M, /M, 0: AP t: ¢’ ratio®
(' molar ratio) x10 73
(C) (min) (C) (%) (% )

1 20 40 5 60 66 2.7 2.0 1:4.9  52:48 85
3 40 40 5 60 69 2.8 2.2 1:4.8  43:57 86
6 30 40 20 60 53 2.8 2.0 1:4.7  43:57 88
9 30 40 5 70 81 2.4 2.1 1:5.2 43:57 81
12 30 60 5 60 69 3.0 1.9 1:4.9  42:58 85

* Fraction dissolved in toluene;” O: A = olefinic to aliphatic proton molar ratio;° t: ¢ = irans-to cis-carbon double bond molar ratio; ROMP ratio =

molar % of ring-opened unit.
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Fig. 4 FTIR spectrum of PNBE obtained in entry 1 L L L
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Table 3 Polymerization of NBE catalyzed by Sc(P,y, );/TIBA system

. IOV Aging temperature Aging time Reaction temperature Yield
ntry
molar ratio (C) (h) (C) (%)

14 5 50 1 80 35

15 10 50 1 80 20

16 15 50 1 80 4.7

17 20 50 1 80 2.2

18 5 50 1.5 80 38

19 5 50 2 80 39

20 5 50 2.5 80 33

21 5 30 1 80 9.6

22 5 40 1 80 33

23 5 60 1 80 24

24 5 70 1 80 21

25 5 50 1 70 31

26 5 50 1 90 36

27 5 50 1 80 39
Conditions; ng, =8.5 x 10 ° mol, nyy* ng, =50 (molar ratio) , V,,, =2 mL, polymerized in toluene for 4 h;*Polymerized for 8 h
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Fig. 6 '>C-NMR spectrum of PNBE obtained by entry 14
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Fig. 7 '"H-NMR spectrum of PNBE obtained by entry 14
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POLYMERIZATION OF NORBORNENE CATALYZED BY
Sc(P,,),/ALKYL ALUMINIUM SYSTEM

Xin Li, Xu-feng Ni, Zhi-quan Shen
(Institute of Polymer Science, Key Laboratory of Macromolecule Synthesis and Functionalization

Ministry of Education, Zhejiang University, Hangzhou 310027)

Abstract Polymerization of norbornene (NBE) was carried out using scandium phosphonate (Sc( Py, );)
combined with alkyl aluminium as catalysts. " C-NMR,'H-NMR and FTIR analyses indicate that the PNBE are
mainly prepared by the ring-opened type polymerization,and also show ring-retention to varying degrees in this
type of catalytic system. It was found that alkyl aluminium cocatalyst plays an important role in the
polymerization. Catalyzed by Sc (P, ),/Al-iBu, system under the optimal polymerization conditions:n ( Al)/
n(Sc) =5 aging at 50°C for 2 h,n(NBE)/n(Sc) =50, polymerization at 80°C for 4 h producing a insoluble
and crosslink polymer with 39% yield was obtained. While AlEt, was used as cocatalyst, the PNBE obtained
are partly soluble in organic solvents with 98% yield under the optimal polymerization conditions:n ( Al)/
n(Sc) =30 aging at 40°C for 5 min,n(NBE)/n(Sc) =50, polymerization at 60°C for 7 h. Measured by GPC
the soluble fraction of PNBE exhibits low molecular weight M, =2.4 x10* ~3. 0 x 10" with moderate molecular
weight distributions (MWD =1.9 ~2.2). The soluble fraction of PNBE consists of 81% ~88% ring-opened
type polymer with 48% ~58% cis- double carbon bond content.

Keywords Scandium phosphonate, Norbornene, ROMP, Vinyl addition



