e JOURNAL OF

i MOLECULAR
: R 4 CATALYSIS
2 jm\"‘,‘! s A: CHEMICAL

ELSEVIE Journal of Molecular Catalysis A: Chemical 185 (2002) 81-85

www.elsevier.com/locate/molcata

Addition polymerisation of 5-vinyl-2-norbornene with nickel
bis(acetyl acetonate)/methylaluminoxane system

Chun-Tian Zhab, Maria do Rosario Ribeifg Manuel Farinha Portela

Departamento de Engenharia @uica, Instituto Superior Técnico, Av. Rovisco Pais, 1049-001 Lisboa Codex, Portugal

Received 18 December 2001 ; accepted 25 March 2002

Abstract

Poly(5-vinyl-2-norbornene) was synthesised using the nickel bis(acetyl acetonate)/methylaluminoxane GNV{AEHC)
catalytic system. The polymerisation activity is low and depends strongly on temperature. The low reactivity of 5-vinyl-2-
norbornene monomer results from both chelating effects and increased steric hindrance of the bulky monomer and the
growing chain, which will account for low complexation and insertion rates. Fourier transform infrared spectroscopy (FTIR)
characterisation has shown that polymerisation occurred mainly via addition polymerisation of the more strained endocyclic
vinylene bond leaving the less strained exocyclic vinyl bond free. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction mal and dielectric properties. This makes them good
candidates for optical and microelectronic applica-
Recently a novel group of polymers have been syn- tions[7], but other uses have also been proposed, for

thesised by the addition polymerisation of norbornene example in gas permeation membraf@$]. On the

and its derivatives with transition metal catalysts
[1-3]. In these polymers, the bicyclic structure of the
monomer units are retained and therefore rotation
between the neighbouring bulky units is seriously re-
stricted. Though crystalline polymers synthesised with
metallocene catalysts have been repoii¢ld most

other hand, the processability and the mechanical and
adhesion properties of unsubstituted polynorbornenes
are not the ideal ones. One approach to improve some
polymer properties is the introduction of substituents
in polynorbornene chains. Dorkenoo et f] have
investigated the effect of aliphatic groups on the

addition type norbornene polymers are amorphous transport properties of substituted polynorbornenes.

and assume a rigid random coil conformati&n6].
In view of their particular structural features, polynor-

5-Vinyl-2-norbornene is a norbornene derivative
with two double bonds in its structure: an endocyclic

bornenes are expected to show increased optical, ther-vinylene double bond and an exocyclic vinyl bond
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(Fig. 1). Depending on the catalytic system used,
polymerisation may proceed either through the ex-
ocyclic or the endocyclic vinyl bond. With titanium
Ziegler—Natta systems enchainment occurs selec-
tively through the exocyclic double borjdi0]. In the
presence of soluble metallocene systditik, 12] or
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o

5-vinyl-2-norbornene, exo- or endo-
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o

Poly(5-vinyl-2-norbornene)

Fig. 1. Scheme for polymerisation of 5-vinyl-2-norbornene.

vanadium catalyst$13], bicyclic olefins are poly-
merised through the more strained endocyclic double
bond. In the latter case the pendant vinyl group is left  All the polymerisations were performed in a 0.11,
intact and will impart to the polymer an additional 3-necked glass reactor using standard Schlenk tech-
reactivity/functionality. The studies reported so far nique under a dry nitrogen atmosphere. The calcu-
mainly focus on copolymerisation of ethylene with |ated amounts of nickel bis(acetylacetonate), toluene
5-vinyl-2-norbornene (used as minor comonomer) and 5-vinyl-2-norbornene were first charged to the
and little work on the homo and copolymerisation of reactor and mixed together. The reactor system was
5-vinyl-norbornene as main monomer has been done. preheated to the desired temperature using a temper-

2.2. Polymerisation procedure

Ni-based systems are also able to homo and copoly- ature controlled oil bath. Then the MAO was added

merise norbornene with good yieldi$4,15] It was
also recently reported that with the nickel bis(acetyl
acetonate)/methylaluminoxane (Ni(acab)AO) sys-

and the polymerisation started. The total reaction vol-
ume was kept low, between 10 and 25 ml. For all the
polymerisations, the AI/Ni molar ratio used was 500

tem, polymerisation proceeds through a coordination and the nickel concentration was controlled at [Ni]

mechanism and via a 2.3 addition of the endocyclic
double bond14]. The structure and the properties of
the polynorbornenes have also been investigggd

We report in this paper a preliminary study on the
homopolymerisation of 5-vinyl-2-norbornene initiated
by the Ni(acagy/MAO system and on the structure
and the properties of the resultant polymers.

2. Experimental
2.1. Materials

Nickel bis(acetyl acetonate), norbornene and
5-vinyl-2-norbornene were all supplied by Aldrich,
with a purity of 99%. Nickel bis(acetyl acetonate)
and norbornene were used without further purifi-
cation. 5-Vinyl-2-norbornene, a mixture of endo-
and exo-isomers, was dried over calcium hydride,
and then freshly distilled under vacuum prior to
polymerisation. Toluene (Petrogal) was dried over
butyl-lithium/styrene and then distilled under reduced
pressure. MAO (Witco) was provided as a 10% (w/v)
solution in toluene.

0.001 mol/l.

The polymerisations were terminated by the addi-
tion of acidified methanol. The reaction mixture was
stirred and then kept still for 30 min. Two phases were
formed. The upper phase, the solution of poly(5-vinyl-
2-norbornene) and unreacted 5-vinyl-2-norbornene/
toluene, was separated and washed repeatedly with
acidified methanol and water. Then the resulting poly-
mer/monomer solution was kept still for about 12 h,
and a very clear solution was obtained. The polymer
was fully precipitated by the addition of methanol
to the solution. The resulting polymer was separated
by filtration, washed with methanol several times
and finally dried under vacuum at 26 for more
than 18 h.

2.3. Characterisation of the polymers

The Fourier transform infrared (FTIR) spectra of
the monomer and the polymer were recorded on a
Perkin Elmer 1600 spectrometer. The wide angle X-
ray diffraction (WAXD) diagram of the polymer pow-
der was obtained using a Philips diffractometer with
monochromatic radiation at a wavelength of 1.54 A.
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3. Results and discussion

= 16000
.g'
The homopolymerisation of 5-vinyl-2-norbornene 2 12000 ~
was carried out at different temperatures and differ- 5 8000 -
ent monomer/Ni molar ratios. In all the experiments, ‘;
an Al/Ni ratio of 500 was selected, based on earlier Z 4000 A
results of norbornene homopolymerisation with the 5
Ni(acack/MAOQ catalytic system. It was seen there that < 0 - - -
maximal yields were obtained at [A[Ni] = 500 and 0 2000 4000 6000
no significant increase of yield was observed at higher [Monomer)/[Ni]

Al/Ni mole ratios[14]. _ - _
The data reported here shows that the Ni(agac) Flg. 3. pgpendence _of gatalyst af:pvny on 'the monomer/nickel
h . . ratio. Initial polymerisation conditions: [Ni]= 0.001 mol/l,
MAO system is also able to polymerise 5-vinyl-2- [AI] /[Ni] = 500, time= 6 h, temperature- 60°C.
norborneneFig. 2 illustrates the dependence of the
polymerisation activity as a function of tempera-
ture. The observed activity is low to moderate and is 5-vinyl-2-norbornene is much lower (about seven
strongly dependent on temperature. Accordingly, the times) than that reported earlier for norbornene.
polymer yield is rather low at room temperature (2%),  The crystallinity of the resultant polymer samples
but increases significantly with polymerisation tem- \yere investigated by WAXDFig. 4shows the WAXD
perature. The maximal yield (about 20%) is obtained giagram of the as-made poly(5-vinyl-2-norbornene).
at 80°C, reflecting the thermal stability of active sites A proad amorphous halo ap2= 17.5° and a small
up to this temperature. These are much lower values gharp peak at@ = 14° are present. This pattern is
than those obtained for norbornene homopolymeri- gifferent from that of polynorbornengs,9], which
sation: about 80% yield in the observed temperature gisplays two halos centred a# 2= 10° and at 2 =
range[14]. L N 18.8°, and no sharp peaks are observed. In accordance
The depgndence_ of polymer|§at|on_ activity on the \yith polynorbornene data, this halo & 2 17.5° is
monomer/nickel ratio was also investigated at®0  of predominantly intrachain nature, probably corre-
As shown inFig. 3, the catalytic activity increased  gponding to a short-range order, or pseudo-periodicity
with the monomer/nickel ratio. The same depen- of the arrangement of the bicycle units along the
dence was observed for the homopolymerisation of chain, It is interesting to notice that the maximum of
norbornene initiated by the same Ni systdii].  this halo is located at a smaller valug} 2 17.5°,
However the polymerisation activity obtained for inan the corresponding maximum observed for poly-
norbornene, i.e., @ = 188°. This seems to indi-

14000 cate that along the chain, the monomer units of
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Fig. 2. Dependence of catalyst activity on polymerisation tem- Diffraction Angle (20), Degree
perature. Initial polymerisation conditions: [Nig 0.001 mol/l,
[monomer}[Ni] = 3000, [Al]/[Ni] =500, time= 6h. Fig. 4. WAXD diagram of poly(5-vinyl-2-norbornene).
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poly(5-vinyl-2-norbornene) are packed a bit loosely
than in the case of the unsubstituted polynorbornene.
The characteristic feature of the X-ray diffraction
pattern of poly(5-vinyl-2-norbornene) is the sharp
peak at 14. The origin of this peak is not well estab-
lished. Probably, it may also be attributed to intrachain
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dant vinyl double bond is strong. The bands at 906
and 994 cm? are characteristic for the out-of-plane
bending of olefinic CH bonds in terminal alkenes
and therefore can be assigned to the pendant or
exocyclic CH-CH, group. The bands at 708, 766,
832 and 1338cm! are also seen in the spectrum

order, since the possible interchain distance, derived of norbornene monomer and can be attributed to the

from this peak (7.7 A), will be a little bit smaller
than the diameter of the polymer chain (about 8 A).

bending of CH bond in the endocyclic double bond.
If we compare the spectra of the two homopoly-

Some single segments of the polymer may be rather mers we may see that in the region between 1000 and
stereo-regular, leading to intrachain Bragg diffrac- 1500cnt?, the spectra are nearly the same and that
tion. However no ordered supermolecular structure is the bands relative to the endocyclic double bonds are
formed in the solid state, and the whole material is absent or become very weak in both homopolymer

still globally amorphous.

The selectivity of enchainment of 5-vinyl-2-nor-
bornene monomer was next investigated by FTIR.
Fig. 5displays the FTIR spectra of 5-vinyl-2-norborn-
ene monomer, of the resulting polyvinylnorbornene
and of an addition polynorbornene obtained with the
same Ni(acag)MAO system.

The spectrum of the 5-vinyl-2-norbornene monomer

shows among others absorptions at 1636, 994, 906,

1338, 832, and 766 cnt that can be assigned to car-
bon double bonds. In accordance with literature, the
band around 1636 cnt is assigned to the stretching
of the G=C double bond in both ring and pendant
group. However, due to theis-configuration, the
stretching band of the ring double bond is weak,
and on the contrary the stretching band of the pen-

Transmittance (%)

650 750 850 950 1050 1150 1250 1350 14501550 1650
Wavenumber (cm!)

Fig. 5. FTIR spectra of 5-vinyl-2-norbornene (1), addition type
polynorbornene (2), and poly(5-vinyl-2-norbornene) (3).

spectra. On the other hand, the absorption bands rela-
tive to the pendant double bond are absent in addition
type polynorbornene spectrum and are still strong in
the polyvinylnorbornene spectrum.

These results suggest that the polymerisation of
5-vinyl-2-norbornene, initiated by the Ni(acaylAO
system, will proceed mainly through addition poly-
merisation of the endocyclic vinylene bond, leaving
the exocyclic vinyl bond as a pendant group. The
higher reactivity of the cyclic double bond towards ad-
dition polymerisation is a result of ring strain release.
This is in agreement with data reported for the copoly-
merisation of ethylene and 5-vinyl-2-norbornene with
metallocene-based systems. It was found that the
5-vinyl-2-norbornene was incorporated into the chain
in a low rate, by addition polymerisation of the ring
double bond11,12]

Although polymerisation mainly proceeds through
the endocyclic vinyl double bond, the pendant double
bond will also play an active role. Obviously, the in-
creased steric hindrance caused by the pendant vinyl
group will make more difficult the complexation and
further insertion of the endocyclic double bond. In ad-
dition, the possible competition of the pendant vinyl
group for the nickel centre followed or not by subse-
guent insertion cannot be excluded. As a result, high
energy barriers for polymerisation will be operating
and low polymerisation rates are expected. This is in
agreement with the observed experimental results: the
polymer yield increases with polymerisation temper-
ature but the maximal yield remains relatively low,
about 20% at 80C.

Another factor that may be limiting the yield is
the possible difference in polymerisation reactivity
between exo- and endo-isomers that are present in



C.-T. Zhao et al./Journal of Molecular Catalysis A: Chemical 185 (2002) 81-85 85

5-vinyl-2-norbornene. According to literature data re-  [2] T.F.A. Haselwander, W. Heitz, M. Mskos, Macromol. Rapid
ported for Pd(ll) catalysed addition polymerisation, Commun. 18 (1997) 689. . _
the exo-substituted norbornene derivatives were found [3 B-L- Goodall, D.A. Bames, G.M. Benedikt, L.H. Mcintosh,

. . . L.F. Rhodes, Polym. Mater. Sci. Eng. 76 (1997) 56.
to polymerise at higher rates than the corresponding [4] W. Kaminsky, A. Bark, R. Steiger, J. Mol. Catal. A 109

endo-substituted monomejss,17]. (1992) 74.
Further work is going on to provide a deeper insight  [5] T.F.A. Haselwander, W. Heitz, S.A. Kriigel, J.H. Wendorff,
on the poly(5-vinyl-2-norbornene) microstructure and Macromol. Chem. Phys. 197 (1996) 3435.

[6] T.F.A. Haselwander, W. Heitz, S.A. Krugel, J.H. Wendorff,
Macromolecules 30 (1997) 5345.
[7] N.R. Grove, P.A. Kohl, S.A. Bidstrup-Allen, S. Jayaraman,

to get quantitative data concerning the selectivity of
enchainment of the 5-vinyl-2-norbornene monomer as

well as of the relative insertion rate of the two isomers R. Shick, J. Polym. Sci. B 37 (1999) 3003.
during polymerisation. The influence of polymerisa- [8] K.D. Dorkenoo, P.H. Pfrom, M.E. Rezac, J. Polym. Sci. B
tion conditions will also be investigated in more detail. 36 (1998) 797.

[9] C.T. Zhao, M.R. Ribeiro, M.N. de Pinho, V.S. Subrahmanyam,
C.L. Gil, A.C. de Lima, Polymer 42 (2001) 2455.
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12 (1991) 409.
. N [11] H. Lasarov, T. Pakkanen, Macromol. Chem. Phys. 201 (2000)
This work was supported by Fundagdo para a 1780.
Ciéncia e Tecnologia. The author C.-T. Zhao grate- [12] S. Marathe, S. Sivaram, Macromolecules 27 (1994)
fully acknowledges the financial support of Institute 1083.
of Science and Engineering of Materials and Sur- [13] D.J. Lohse, S. Datta, E.N. Kresge, Macromolecules 24 (1991)

. ioatie 561.
faces (ICEMS), Instituto Superior Técnico. Petrogal 14 ¢ 1’ zhao, M.R. Ribeiro, M.F. Portela, S.G. Pereira, T.G.

is acknowledged for donation of toluene. Nunes, Eur. Polym. J. 37 (2001) 45.
[15] F. Peruch, H. Cramail, A. Deffieux, Macromol. Chem. Phys.
199 (1998) 2221.
References [16] S. Breunig, W. Risse, Makromol. Chem. 193 (1992)
2915.

[1] C. Mehler, W. Risse, Makromol. Chem. Rapid Commun. 12 [17] J. Melia, E. Connor, S. Rush, S. Breunig, C. Mehler, W.
(1991) 255. Risse, Macromol. Symp. 89 (1995) 433.

Acknowledgements



	Addition polymerisation of 5-vinyl-2-norbornene with nickel bis(acetyl acetonate)/methylaluminoxane system
	Introduction
	Experimental
	Materials
	Polymerisation procedure
	Characterisation of the polymers

	Results and discussion
	Acknowledgements
	References


