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system the most important features, advantages and potential concerns. This second
article describes ATRP.

Atom Transfer Radical Polymerization (ATRP)

ATRP employs a Cu (or Ru) catalyst complex in its lower oxidation state to abstract a
halide (usually Br) from an alkyl halide initiator thereby generating a radical that can add
monomer and begin growing a polymer chain. Like NMP, growing chains are reversibly
terminated (by the higher oxidation state form of the catalyst) to give a dormant chain that
can be continually reactivated, so that the chain retains the ability to grow by adding more
monomer (propagating) throughout the entire polymerization (Scheme 1). In contrast, in a
conventional radical polymerization, newly initiated chains rapidly add monomer units and
then terminate with another growing chain, all within ~0.1-1 second.
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Scheme 1. ATRP mechanism showing chain activation and deactivation.

Polymers made by ATRP typically have well controlled molecular weights ranging from ~2-
100k, with dispersities (M/Ma)~1.1-1.4. Because the end of each polymer chain has a
halide, once the monomer is consumed a second monomer can be added to make a di-
block copolymer. Multi-functional ATRP initiators easily yield star-shaped polymers, as well
as a variety of other chain microstructures. ATRP requires typical free radical
polymerization teperatures of ~50-90 °C, and works with a wide range of monomer (e.g.
acrylates, methacrylates, styrenics) although functional monomers (e.g.acryic acid) can be
problematic. The final product may contain color if the Cu concentration is too high but
recent deveopments have enabled ATRP to be carried out with very low Cu levels, and
even in air. Like NMP, ATRP has bbeen mostly studied in solution and bulk but can also
be preformed in emulsion polymerization.

As always, we invite your questions and comments by going to our website
www.epced.com or via email at info@epced.com.
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