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THE CONFIGURATIONAL STEREOCHEMISTRY OF ATACTIC VINYL HOMOPOLYMERS

Mark M. Green and Bruce A. Garetz
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Polytechnic Institute of New York, Brooklyn, New York 11201

Summary: Atactic vinyl homopolymers, synthesized from non-dissymmet-
ric monomers, are produced racemic or enantiomerically pure depending on
the length of the polymer chain. The optical inactivity of high molecular
weight samples of these polymers arises by a mechanism unknown in emall

molecules: 1intermolecular compensation of diastereomers.

Natta1 pointed out that, ignoring end groups, an atactic vinyl homo-
polymer is chiral in contrast to its iso- and syndiotactic diastereomers.
He suggested that bulk samples of such atactic polymers would be optically
inactive because the individual chains would be internally compensated in
addition to compensation among different chainsl’z- Because the hypothesis
of "internal compensation” is now understood to be inaccurate3, and because
recent discussions of polymer stereochemistry4 have disregarded the
chirality of atactic vinyl homopolymers, we have attempted to analyze the
stereochemistry of these polymers in modern terms.

Bernoullian5 statistics yield 2n—l different configurational sequences
for an atactic vinyl homopolymer of chain length n. The figure presents
the average number of each diastereomeric chain in a sample containing 0.1
mole of polymer molecules as a function of the degree of polymerization n.
Greater than 104 of each diastereomer will be produced for n less than 60.
These samples will be conventionally racemic since the probability of
finding enantiomeric pairs will be nearly unity. In contrast, for =n
greater than 70, the number (Ni, figure) of each polymer diastereomer is
far below that statistically necessary to assure the production of enantio-
meric pairs. The sample produced will not be racemic, but will consist of
a large number of enantiomerically pure diastereomers. This situation is
unique in chemistry since symmetrical chemical events leading to nonpolyme-
ric chiral molecules always produce racemic mixtures

The samples containing the shorter chains described above must be
optically inactive because they are racemic. In samples of higher degrees
of polymerization, individual chiral diastereomers, whether containing

equal numbers of opposite configurational centers or not , may exhibit non-
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zero rotations at various wavelengths. Nevertheless, the distribution of
rotations from such an enormous number of distinct configurational arrays
would likely be symmetrically disposed about zero, and a simple statistical
argument predicts optical inactivity at all wavelengths for the bulk sam-
ple/. This cause of optical inactivity is unknown in small molecules but
could fall under the general classification of cryptochirality6

The discussion above centers on stereochemical principle. The experi-
mental observation of this hidden chirality depends on the availability of
appropriate samples. At present, the separation of chiral vinyl homopoly-
mers has been demonstrated only in conformationally rigid stereoregular
polymersg. Such separations may be possible in conformationally rigid

polymers even in the absence of stereoregularitylo’ll,
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Figure: Plot showing the average number of each diastereomer (Ni) for

various degrees of polymerization (n) for a 0.1 mole sample.
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