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Preface
M etallocene complexes as catalysts for olefin polymerization

They are more than 50 years old, they founded mod-
ern organometallic chemistry, they revolutionized the world
of catalysis, they are still good for many surprises and
they are as young as ever: metallocenes and metallocene
complexes.

The discovery of the Ziegler catalysts, a combination of
titanium(l11) or (1V) chloride and auminum akyls, in the
Max-Planck-Institut fur Kohlenforschung, Mulheim, Ger-
many, intheearly 1950s, started arally in titanium chemistry.
Sure enough, titanocene complexes were thefirst candidates,
in those days, to be tested for catalytic olefin polymer-
ization reactions (Natta's and Breslow’s groups, in 1957).
Unfortunately, the activities of such catalysts were not sat-
isfying due to the fact that the “right” cocatalyst was not
available at that time (aluminumalkyl halides). The situation
changed with the discovery and application of methylalu-
moxane (MAO) by Sinn and Kaminsky as an appropriate
cocatalyst at the start of the 1980s. This was again initi-
ated by an accident—Reichert had discovered, as early as
1973, that small amountsof water increased the activity of the
trimethylaluminum cocatalyst. Often progresshasitsrootsin
accidents. Who in the world would add water to pyrophoric
trimethylaluminum?

From thistime on, metallocene complexes were the focus
of research groups both in industry and academia because
homogeneous catalysts have the important property that
every single molecule can “do thejob”, not just afew active
sitessitting on the surface of heterogeneouscatalyst particles.

Brintzinger introduced bridged metallocene complexes,
so-called ansa metallocenes (originally prepared with a dif-
ferent intention), and it became obvious that the symmetry
of the catalyst precursor can determine the stereospecifity of
the polymerization of prochiral olefins such as propene (pio-
neering work of Razavi!). These are highly active catalysts
and their tremendous potential became apparent at end of the
1980s. In these days, metallocene catalystsfor the stereospe-
cific polymerization of propylene are of highest priority: not
only to escape from the “Himont monopoly” (catalysts for
the industrial production of isotactic polypropene) but also
because it became obvious that tailored metallocene cata-
lystsallowed the production of new polymersand copolymers
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(“Topas’, a copolymer from ethene and norbornene, is just
one example) and many such resins are superior to materials
that are available on the market.

My group started to work with metallocene catalysts in
1988 and, at that time, | thought with a handful of catalysts
every challenge in the field can be satisfied. This was not
true! Theoriginal project became anever ending story. Since
then, my group has synthesized, characterized and tested over
800 different metallocene catalysts (and some 700 other cat-
aysts) and still thisisnot the end. Why? The most intriguing
property of metallocene catalysts is the fact that tiny differ-
encesin catalyst structure can have a tremendous impact on
the performance of the corresponding catalyst and the poly-
mer produced (structure—property rel ationship). For instance,
a “smart” metallocene catalyst can produce a polyethylene
with evenly distributed alkyl branchesand excellent mechan-
ical and optical properties starting with ethylene as the only
monomer. Thisisaresult from my group in cooperation with
PhillipsPetroleum Company, USA, inthe 1990s. The product
is called mPact and is commercialy produced by Chevron-
Phillips Company, USA.

Barry Lever'stiming was perfect toissueavolumedealing
only with metallocene catalysts. Fourteen authors have con-
tributed manuscripts, which will makethisvolumeaclassical
source of metallocene know-how. Thisfield is still growing
so rapidly that one person aone has no chance to cover all
aspects. | am glad that | gave up the idea to write a book
about metallocene catalysts 6 years ago. It would have been
obsolete as soon asit was published. | am sure, with thisvol-
ume, readers will appreciate and enjoy the excellent pool of
metallocene catalysts and will develop their own ideas about
how to extend this promising research.

Helmut G. Alt*

Laboratorium fiir Anorganische Chemie, Universitdit
Bayreuth, D-95440 Bayreuth, Germany

*Tel.: +49 921 552555; fax: +49 921 552044
E-mail address: Helmut.Alt@uni-bayreuth.de

17 May 2005
Available online 11 July 2005



