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24.4: Ziegler—Natta Catalysts and Polymer Stereochemistry

Symmetrical monomers such as ethylene and tetrafluoroethylene can join together in only one way. Monosubstituted monomers, on
the other hand, may join together in two organized ways, described in the following diagram, or in a third random manner. Most
monomers of this kind, including propylene, vinyl chloride, styrene, acrylonitrile and acrylic esters, prefer to join in a head-to-tail
fashion, with some randomness occurring from time to time. The reasons for this regioselectivity will be discussed in the synthetic
methods section.
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Regioisomeric Polymers from Substituted Monomers

If the polymer chain is drawn in a zig-zag fashion, as shown above, each of the substituent groups (Z) will necessarily be located
above or below the plane defined by the carbon chain. Consequently we can identify three configurational isomers of such
polymers. If all the substituents lie on one side of the chain the configuration is called isotactic. If the substituents alternate from
one side to another in a regular manner the configuration is termed syndiotactic. Finally, a random arrangement of substituent
groups is referred to as atactic. Examples of these configurations are shown here.
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Many common and useful polymers, such as polystyrene, polyacrylonitrile and poly(vinyl chloride) are atactic as normally
prepared. Customized catalysts that effect stereoregular polymerization of polypropylene and some other monomers have been
developed, and the improved properties associated with the increased crystallinity of these products has made this an important
field of investigation. The following values of Tg have been reported.

Polymer T, atactic Ty isotactic T syndiotactic
PP -20°C 0°C -8°C
PMMA 100 °C 130 °C 120 °C

The properties of a given polymer will vary considerably with its tacticity. Thus, atactic polypropylene is useless as a solid
construction material, and is employed mainly as a component of adhesives or as a soft matrix for composite materials. In contrast,
isotactic polypropylene is a high-melting solid (ca. 170 °C) which can be molded or machined into structural components.
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Ziegler-Natta Catalytic Polymerization

An efficient and stereospecific catalytic polymerization procedure was developed by Karl Ziegler (Germany) and Giulio Natta
(Italy) in the 1950's. Their findings permitted, for the first time, the synthesis of unbranched, high molecular weight polyethylene
(HDPE), laboratory synthesis of natural rubber from isoprene, and configurational control of polymers from terminal alkenes like
propene (e.g. pure isotactic and syndiotactic polymers). In the case of ethylene, rapid polymerization occurred at atmospheric
pressure and moderate to low temperature, giving a stronger (more crystalline) product (HDPE) than that from radical
polymerization (LDPE). For this important discovery these chemists received the 1963 Nobel Prize in chemistry.

Ziegler-Natta catalysts are prepared by reacting certain transition metal halides with organometallic reagents such as alkyl
aluminum, lithium and zinc reagents. The catalyst formed by reaction of triethylaluminum with titanium tetrachloride has been
widely studied, but other metals (e.g. V & Zr) have also proven effective. The following diagram presents one mechanism for this
useful reaction. Others have been suggested, with changes to accommodate the heterogeneity or homogeneity of the catalyst.
Polymerization of propylene through action of the titanium catalyst gives an isotactic product; whereas, a vanadium based catalyst
gives a syndiotactic product.

A Mechanism for Ziegler-Natta Catalysis
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