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The physical properties of synthetic 
macromolecules are strongly coupled to 
their molecular weight (MW), topology, and 
polydispersity index (PDI). Factors that 
contribute to their utility include the control 
of functionality at the macromolecule 
termini and copolymer composition. Living 
polymerizations, sometimes referred to as 
controlled polymerizations, have provided 
the means for achieving these goals. Not 
surprisingly, these reactions have had a 
profound impact on polymer and materials 
science. 
Simple nonfunctional hydrocarbon 
polymers such as polyethylene (PE), 
polypropylene, poly-α-olefins, and their 
copolymers are synthesized by high 
pressure-high temperature free radical 
polymerization, Ziegler−Natta or 
metallocene catalysts. Although these 
catalysts of exceptional efficiency that 

produce polymers on a huge scale are in common use, control that approaches a “living 
polymerization” is rare. Our research has focused on polymerization reactions that employ 
nonolefin monomers, more specifically the polymerization of ylides and diazoalkanes. In this 
reaction, the carbon backbone is built one carbon at a time (C1 polymerization). These studies 
build upon our discovery of the trialkylborane initiated living polymerization of 
dimethylsulfoxonium methylide 1. 
 
 
“Learning and Discrimination of Cuticular Hydrocarbons in the Argentine Ant Linepithema 
Humile” Ellen Van Wilgenburg, Antoine  Felden, Dong-Hwan Choe, Robert Sulc, Kenneth J. 
Shea, Mark A. Elgar1, Neil D. Tsutsui, Biology Letters, 2012, 8, 17–20. 
  
Social insect cuticular hydrocarbon (CHC) mixtures are among the most complex chemical cues 
known and are important in nest-mate, caste and species recognition. Despite our growing 
knowledge of the nature of these cues, we have very little insight into how social insects actually 
perceive and discriminate among these chemicals. In this study, we use the newly developed 
technique of differential olfactory conditioning to pure, custom-designed synthetic colony odours 
to analyse signal discrimination in Argentine ants, Linepithema humile. Our results show that tri-
methyl alkanes are more easily learned than single-methyl or straight-chain alkanes. In addition, 
we reveal that Argentine ants can discriminate between hydrocarbons with different branching 
patterns and the same chain length, but not always between hydrocarbons with the same 
branching patterns but different chain length. Our data thus show that biochemical 
characteristics influence those compounds that ants can discriminate between, and which thus 
potentially play a role in chemical signaling and nest-mate recognition. 
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J. Shea, ACS MacroLetters, 2012, 1, 560 - 563. 
 

We report the synthesis of polymethylene 
waxes, a surrogate of PE waxes, by a controlled 
polymerization reaction in water at or near r.t. 
and under atmospheric pressure. The monomer, 
dimethylsulfoxonium methylide, is generated in 
situ from a salt, trimethylsulfoxonium halide. The 
carbon sources for the polymerizations are C1 
molecules, which can be derived from 
nonpetroleum feedstock. DMSO serves as the 
C1 carrier and is not consumed. The reaction is 

initiated and catalyzed by trialkylboranes, compounds that are stable in water. A certain degree 
of molecular weight control is achieved by adjusting the stoichiometry of “salt” to organoborane. 
Polymethylene, the simplest hydrocarbon polymer, is a semicrystalline material. The room 
temperature polymerization produces a linear polymer approximately 100 °C below its melting 
temperature (Tm). The supercooled polymers rapidly crystallize into flat nanoparticles comprised 
of stacked lamellae. 
 
"A Gradient Methylidene-Ethylidene Copolymer via C1 Polymerization: an Ersatz Gradient 
Ethylene-Propylene Co-polymer,” Ruobing Zhao and Kenneth J. Shea, ACS Macro Letters, 
2015, 4, 584 - 587.  

We report the first synthesis of a gradient 
methylidene-ethylidene copolymer via a 
living C1 polymerization. The copolymer 
has a similar chemical structure as the 
corresponding ethylene-propylene 
copolymer. To achieve this goal a new and 
convenient source of the ethylide monomer, 
diethylsulfoxonium ethylide, was developed 
for the introduction of the methyl branch in 
the polymer backbone. The gradient 
copolymer contains a gradual change of 
instantaneous methyl branch content from 

0% on one end of the polymer chain to 63% on the other end. Thermal analysis revealed that 
the gradient copolymers have a narrow glass transition temperature range with values 
intermediate between those of linear polyethylene and atactic polypropylene. 
 
“A Convenient Controlled Aqueous C1 Synthesis of Long-chain Aliphatic AB, AA and BB 
Macromers for the Synthesis of Polyesters with Tunable Hydrocarbon Chain Segments.” 
Ruobing Zhao, Yan Zhang, Jaeyoon Chung and Kenneth J. Shea, ACS Macro Letters, 2016, 5, 
854–857. 

The insertion of long hydrocarbon 
chains between ester groups in 
polyester allows for introduction and 
modulation of crystallinity, which can 
result in enhanced performance 
approaching high-density polyethylene. 



We report a convenient synthesis of building blocks for long-chain aliphatic polyesters via an 
aqueous C1 polymerization. The macromonomers include ω-hydroxyacid esters, α,ω-diols and 
α,ω-diacids. The length of hydrocarbon chain segment (C20–C60) can be controlled by the ratio 
of monomer/initiator in the C1 polymerization. The obtained polyesters from condensation of the 
long-chain ω-hydroxyacid esters have thermal and mechanical properties indistinguishable from 
related materials derived from biomass. 
 


