
 
 

University of Birmingham

How to better control polymer chemistry
Foster, Jeffrey C.; O’Reilly, Rachel K.

DOI:
10.1126/science.aaw9863

Document Version
Peer reviewed version

Citation for published version (Harvard):
Foster, JC & O’Reilly, RK 2019, 'How to better control polymer chemistry', Science, vol. 363, no. 6434, pp. 1394-
1394. https://doi.org/10.1126/science.aaw9863

Link to publication on Research at Birmingham portal

Publisher Rights Statement:
This is the author’s version of the work. It is posted here by permission of the AAAS for personal use, not for redistribution. The definitive
version was published in Polymer Chemistry on Vol 363, Issue 6434
29 March 2019, DOI: 10.1126/science.aaw9863.

General rights
Unless a licence is specified above, all rights (including copyright and moral rights) in this document are retained by the authors and/or the
copyright holders. The express permission of the copyright holder must be obtained for any use of this material other than for purposes
permitted by law.

•	Users may freely distribute the URL that is used to identify this publication.
•	Users may download and/or print one copy of the publication from the University of Birmingham research portal for the purpose of private
study or non-commercial research.
•	User may use extracts from the document in line with the concept of ‘fair dealing’ under the Copyright, Designs and Patents Act 1988 (?)
•	Users may not further distribute the material nor use it for the purposes of commercial gain.

Where a licence is displayed above, please note the terms and conditions of the licence govern your use of this document.

When citing, please reference the published version.

Take down policy
While the University of Birmingham exercises care and attention in making items available there are rare occasions when an item has been
uploaded in error or has been deemed to be commercially or otherwise sensitive.

If you believe that this is the case for this document, please contact UBIRA@lists.bham.ac.uk providing details and we will remove access to
the work immediately and investigate.

Download date: 14. Jun. 2020

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by University of Birmingham Research Portal

https://core.ac.uk/display/232982296?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://doi.org/10.1126/science.aaw9863
https://doi.org/10.1126/science.aaw9863
https://research.birmingham.ac.uk/portal/en/publications/how-to-better-control-polymer-chemistry(242c764a-cdd7-4404-ad4a-ca8d96833978).html


A Paradigm Shift in Polymerization Control 

OR 

Organo-Catalysts Turn Over a New Leaf in Functional Materials 

Jeffrey C. Foster, Rachel K. O’Reilly  

Polymer chemists have long endeavoured to gain control over the precise chemical structures of the 

polymers they synthesize. Polymers can have variable lengths and length distributions, chemically 

programmed units at each chain end, and different spatial arrangements of the pendant side chain 

atoms—a characteristic known as stereochemistry. Controlled polymerization techniques developed 

in the past three decades have provided excellent control over polymer length and chain end 

functionality;1 however, new examples of stereo-controlled polymerizations are sporadic and few 

methods have been developed to a sufficient level for commercialization. Perhaps the most successful 

example of stereo-controlled polymerization was the development of metal-organic polymerization 

catalysts by Karl Zeigler and Giulio Natta in the early 1950s,2 leading to the eventual market dominance 

of polyolefins such as polyethylene (PE) and polypropylene (PP) and a Nobel prize in chemistry for 

Ziegler and Natta in 1963.3 In the 70 years since this discovery, several key advances have been made 

toward stereo-controlled copolymerization of functional monomers with ethylene or propylene to 

expand the chemical diversity of stereo-controlled polymerization.4-9 On page XXX of this issue, Teator 

et. al. report an alternative strategy for preparing functional polymers with well-defined 

stereochemistry using organo-catalysts which exact exquisite control over the microstructure of 

poly(vinyl ethers)—oxygen rich analogues to PE/PP. 

While PE/PP may have captured a majority of the plastics market, these materials are limited in their 

chemical diversity. In particular, these polymers, which are entirely comprised of carbon and 

hydrogen, have poor adhesion capability which limits their applications as adhesives, coatings, and in 

biomedical devices. In contrast, poly(vinyl ethers) (PVEs) possess excellent adhesive properties due to 

their high oxygen content.10 Until recently this improved adhesion came at a cost, as PVEs have low 

stereo-regularity based on the way they are synthesized, leading to poor mechanical performance.  

A new report from Teator et. al. is poised to shift the materials paradigm towards highly functional 

materials with mechanical properties competitive to PE/PP by precisely controlling the 

stereochemistry of PVEs. The authors designed a new catalyst-controlled approach for the preparation 

of iosotactic PVEs via cationic polymerization. This approach makes use of an organo-catalyst, which 

have advantages over inorganic catalysts which are used to make PE/PP including their low cost and 

low toxicity.11 By carefully designing their catalyst to be stereoselective—the geometry of the catalyst 

complex influences the orientation of the monomers as they are polymerized—enchainment is 

directed towards one a single face of the propagating chain end, resulting in the formation of polymers 

with high structural regularity. This method was discovered to be compatible with a variety of vinyl 

ether monomers, implying broad scope for future industrial processes.  

Even more impressive is the fact that the resulting PVEs produced using the author’s catalytic method 

were found to possess mechanical properties comparable to commercial low-density polyethylene 

(LDPE) while also exhibiting adhesion that was more than an order of magnitude stronger. Endowing 

PE-like materials with strong adhesion could open up possibilities for next-generation adhesives, 

coatings, and biomedical devices, among other applications. These findings, coupled with the 

scalability of the polymerization procedure and the high processability (wide thermal window) of the 

resulting polymeric material signify an important breakthrough in the plastics field. 



Moreover, translation of this simple and effective concept to other polymerization systems represents 

a logical progression and could rapidly push plastics manufacturing towards more highly functional 

materials. Indeed, the prospect of introducing control over polymer tacticity in non-hydrocarbon 

systems is a necessary and significant stepping stone in the direction of designing high-value, 

recyclable and degradable materials to meet global challenges. 

The findings of Teator et. al. serves as a reminder that careful consideration of fundamental 

polymerization concepts can revitalize existing materials. Whilst research in the polymer community 

has trended towards polymers with increasingly complex chemistry and architecture, this work 

reinforces the importance of the central principles underlying the behaviour of polymer chains—in 

this case, the stereoregularity of the repeating units—with respect to their impact on the macroscopic 

properties of the resulting material. 
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