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Norbornene (bicyclo[2.2.1]hept-2-ene) (I) and its
derivatives can undergo methathesis, radical, cationic,
or additive polymerization to form polymers II, III,
or IV, respectively. The additive polymerization in-
volves rupture of the double bond to form polymers
with specific properties necessary for the production
of coating in electronics, telecommunication materials,
optic lenses, substrates for plastic displays, photo-
resistors for chips and displays, and dielectrics for
semiconductors [1, 2].
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In the present communication we describes a
highly effective catalytic system on the basis of pal-
ladium carboxylates Pd(RCOO)2 and BF3 �OEt2, for
additive polymerization of norbornene.

The conditions of a standard experiment are as
follows: Pd 1.0�10�6 mol, B : Pd molar ratio 25, I : Pd
molar ratio 5�104 (4.71 g of norbornene), reaction
time 30 min, temperature 25�C, solvent toluene, total
volume of the reaction mixture 7 ml. The polymeriza-
tion of norbornene was performed in a glass reactor
with a magnetic stirrer under an inert gas (nitrogen,
argon).

As the temperature of the Pd(OAc)2�25BF3 �OEt2
system is increased from 25 to 65�C, the conversion,
as well as the characteristic viscosity of the resulting
polymers much decrease. As the I : Pd ratio is varied
from 25 000 to 100 000 at a constant catalyst concen-
tration, the conversion of norbornene into polymers is

almost invariable, but the characteristic viscosity of
the polymers decreases.

When the quantity of the palladium catalyst is
1.0�10�5 mol, the catalytic activity reaches more than
150 000 kg norbornene per 1 mol Pd per hour. Such
activity compares with the best reported results [3�6]
and is about 7 times that of the Pd(acac)2�25BF3 �

OEt2 system [7].

The NMR and IR spectral data show that the struc-
ture of the resulting polymers corresponds to the
additive type. The 1H NMR spectrum lack double-
bond proton signals. The IR spectrum, too, lacks
bands at 1620�1680 cm�1 (�C=C) but shows strong
bands characteristic of bending vibrations of bridging
CH2 groups of the norbornene ring at 1452�1474 cm�1

[8]. The 13C NMR signals at 28�34 ppm relate to C5

and C6, according to their numbering in formula IV.
The bridging atoms C7 give signals at 34�38 ppm.
The bridgehead atoms C1 and C4 appear at 38�
45 ppm. The signals at 45�55 ppm relate to the C2

and C3 atoms of the main chain of the polymer. The
lack of signals at 20�24 ppm points to exo configura-
tion of the polymeric chain [9]. The C7 signal in the
13C NMR spectrum appears as a single group of
strong signals at 34�38 ppm, which suggests that the
polymer microstructure is a composition of rr and mr
triads with low diisotacticity [10]. Evidence for the
lack of mm triads is provided by the absence of a
resonance signal at 39 ppm [9].

The molecular weight of the polymers measured
by means of gel-permissive chromatography (refe-
rence polystyrene) is within the range Mw 77 700�
293 800 D. The molecular weight distribution Q =
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Mw/Mn for polymerization in the standard conditions
is close to 2, which is a theoretical value for the
Flory�Schulz distribution for ideal polymerization
with chain termination. This value suggests single-
center homogeneous active complexes. The thermal
degradation point of the polymers varies from 313 to
324�C (TGA), whereas their glass point, from 240
to 262�C (DSC).

REFERENCES

1. Makovetskii, K.L., Vysokomol. Soedin, Ser. B, 1999,
vol. 41, no. 9, p. 1525.

2. Janiak, C. and Lassahn, P.G., Macromol. Rapid
Commun., 2001, vol. 22, no. 1, p. 479.

3. Mast, C., Krieger, M., Dehnicke, K., and Greiner, A.,
Macromol. Rapid. Commun., 1999, vol. 20, no. 4,
p. 232.

4. Zhang, D., Jin, G.-X., Weng, L.-H., and Wang, F.,
Organometallics, 2004, vol. 23, no. 13, p. 3270.

5. Lassahn, P.G., Janiak, C., and Oh, J.-S., Macromol.
Rapid. Commun., 2002, vol. 23, no. 12, p. 16.

6. Hennis, A.D., Polley, J.D., Long, G.S., Sen, A., Yan-
dulov, D., Lipian, J., Benedikt, G.M., Rhodes, L.F.,
and Huffman, J., Organometallics, 2001, vol. 20,
no. 13, p. 2802.

7. Myagmarsuren, G., Lee, K.-S., Jeong, O.-Y., and
Ihm, S.-K., Polymer, 2004, vol. 45, no. 10, p. 3227.

8. Bondarenko, G.N., Gorbacheva, L.I., Golenko, T.G.,
Bykov, V.I., Fateev, O.V., and Makovetskii, K.L.,
Vysokomol. Soedin., Ser. A, 1996, vol. 38, no. 3,
p. 469.

9. Arndt, M., Engehausen, R., Kaminsky, W., and
Zoumis, K., J. Mol. Catal. A, 1995, vol. 101, no. 3,
p. 171.

10. Barnes, D.A., Benedikt, G.M., Goodall, B.L.,
Huang, S.S., Kalamarides, H.A., Lenhard, S., Mc-
Intosh, L.H. III, Selvy, K.T., Shick, R.A., and Rho-
des, L.F., Macromolecules, 2003, vol. 36, no. 8,
p. 2623.


