
A systematic computational study of electronic effects on hydrogen sensitivity of olefin

polymerization catalysts (abstract only)

This article has been downloaded from IOPscience. Please scroll down to see the full text article.

2008 J. Phys.: Condens. Matter 20 064241

(http://iopscience.iop.org/0953-8984/20/6/064241)

Download details:

IP Address: 129.252.86.83

The article was downloaded on 29/05/2010 at 10:33

Please note that terms and conditions apply.

View the table of contents for this issue, or go to the journal homepage for more

Home Search Collections Journals About Contact us My IOPscience

http://iopscience.iop.org/page/terms
http://iopscience.iop.org/0953-8984/20/6
http://iopscience.iop.org/0953-8984
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience


IOP PUBLISHING JOURNAL OF PHYSICS: CONDENSED MATTER

J. Phys.: Condens. Matter 20 (2008) 064241 (1p) doi:10.1088/0953-8984/20/6/064241

A systematic computational study of
electronic effects on hydrogen sensitivity of
olefin polymerization catalysts
Betty B Coussens1, Peter H M Budzelaar2 and Nic Friederichs3

1 DSM Research Technology and Analysis Geleen, SRU Industrial Chemicals,
6160 MD Geleen, The Netherlands
2 Department of Chemistry, University of Manitoba, Winnipeg, MB R3T 2N2, Canada
3 SABIC Europe, Research and Development, Chemistry and Catalysis, 6160 AH Geleen,
The Netherlands

Received 17 December 2007
Published 24 January 2008
Online at stacks.iop.org/JPhysCM/20/064241

Abstract
One of the important product parameters of polyolefins is their molecular weight (distribution).
A common way to control this parameter is to add molecular hydrogen during the
polymerization, which then acts as a chain transfer agent.

The factors governing the hydrogen sensitivity of olefin polymerization catalysts are poorly
understood and have attracted little attention from computational chemists. To explore the
electronic factors determining hydrogen sensitivity we performed density functional
calculations on a wide range of simple model systems including some metallocenes and a few
basic models of heterogeneous catalysts. As a quantitative measure for hydrogen sensitivity we
used the ratio of (i) the rate constant for chain transfer to hydrogen to (ii) the rate constant for
ethene insertion, kh/kp (see the scheme below), and as a measure of electrophilicity we used the
energy of complexation to the probe molecule ammonia.

For isolated species in the gas phase, complexation energies appear to dominate the chemistry.
Ethene complexes more strongly than hydrogen and with increasing electrophilicity of the
metal centre this difference grows; the hydrogen sensitivity decreases accordingly. Although
many factors (like catalyst dormancy and deactivation issues) complicate the comparison with
experiment, this result seems to agree both in broad terms with the experimental lower
hydrogen sensitivity of heterogeneous catalysts, and more specifically with the increased
hydrogen sensitivity of highly alkylated or fused metallocenes. The opposite conclusion
reached by Blom (see Blom et al 2002 Macromol. Chem. Phys. 203 381–7) is due to the use of
a very different measure of electrophilicity, rather than to different experimental data.
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