
Living Step Polymerization



Questions

 What is one of the principal mechanistic reasons that prevents the 

synthesis of narrow dispersity polymers via conventional step 

polymerization chemistries ?

 Is it appropriate to draw parallels between living step polymerization, 

and the way in which proteins and DNA are synthesized in nature ? 

 What other synthetic possibilites does living step polymerization 

provide access to, in addition to the ability to prepare narrow dispersity 

polymers ?
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Step Polymerization

 Reaction occurs between any of the different sized
species present in the reaction system
 Molecular weight increases relatively slowly with conversion

monomer + monomer  dimer
dimer + monomer  trimer
dimer + dimer  tetramer
trimer + monomer  tetramer
trimer + dimer  pentamer
trimer + trimer  hexamer
tetramer + monomer  pentamer
tetramer + dimer  hexamer
tetramer + trimer  heptamer
tetramer + tetramer  octamer

etc.
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Schematic Development of Molecular Weight

chain polymerization step polymerization



Some Definitions
 Conversion (p) The conversion is defined as:  p = [M]0 – [M]

[M]0

n HO-R‘-OH +  n HOOC-R‘‘-COOH  -[-O-R‘-O-(O=C)-R‘‘-(C=O)-]n-

structural/
monomer unit

structural/
monomer unit

repeating unit

n HO-R-COOH → -[-O-R-(C=O)-]n-

2. The AA + BB case:

1. The AB case:

Xn, P, DP =
Total number of molecules initially present/total number of molecules present at time t =
Average number of repeat units per chain (AB polymerization) or the average number of
structural units per chain (AA + BB polymerization):

 Number-average degree of polymerization (Xn, P, DP)

Carothers equation

repeating unit

[M] , [M]0: concentration of reacting groups, i.e. the concentration
of OH or COOH groups during polyester synthesis

Assumption: equimolar
quantities of reacting
groups A and B
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Breadth of the Molecular Weight Distribution

Xw/Xn synonymous with Mw/Mn = polydispersity index (PDI)



Ribonuclease A: molecular weight = 13 690,29 gr/mol
124 amino acids (degree of polymerization = 124) 

(Anal. Chem. 1990, 62, 1836)

The Quest for One

Proteins: Perfect control of chain length and sequence

Đ = 1.0
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Characteristics of Living Polymerizations(*)

Linear evolution of MW with conversion.
MW < [M]/[I]0 = transfer;
MW >  [M/[I]0 inefficient initiation or
chain coupling

Dispersity (Đ; Mw/Mn) close to Poisson distribution (Mw/Mn ≈ 1 + 1/DPn)

End-functionality is not affected by slow initiation and exchange but is
reduced when chain breaking reactions become important

(*) see also radical chain, and controlled radical polymerization / 
ionic chain polymerization  



The Problem, and The Way Out

Polymer Journal 2004, 36, 65-83



Living Step Polymerization

1) Based on the substituent effect 

2) By catalyst transfer



Based on the Substituent Effect

Original reference: J. Am. Chem. Soc. 2000, 122, 8313-8314



Original reference: J. Am. Chem. Soc. 2000, 122, 8313-8314



Polymer Journal 2004, 36, 65-83



Macromolecules 2015, 48, 4269−4280.

Polymerization from Surfaces



Model, solution 
polymerization
experiments



Polymerization 
from surfaces



By Catalyst Transfer

Original reference: Macromolecules 2004, 37, 1169-1171



(1): 2-bromo-3-hexyl-5-iodothiophene Ni(dppp)Cl2

Original reference: Macromolecules 2004, 37, 1169-1171



“Thus, the polymerization is initiated by the reaction of the Ni catalyst with two molecules of the monomer 31.
After formation of the bithiophene by reductive elimination, the Ni catalyst transfers intramolecularly to the terminal
C-Br bond. Propagation would proceed through reaction of 31 with the Ni complex at the polymer growing end,
followed by intramolecular transfer of the Ni catalyst. In this way, the monomer reacts selectively at the polymer
propagating end to result in chaingrowth polymerization. We call this type of polymerization catalyst-transfer
condensation polymerization.”

Macromolecules 2007, 40, 4093 - 4101



 Understand the mechanistic reasons that prevent the synthesis of 

narrow dispersity polymers via conventional step polymerization 

chemistries.

 Describe, conceptually, what it takes to tranform a conventional step 

polymerization into a living polymerization process.

 Be familiar with two main principal approaches that exist to perform 

living step polymerization reactions.

Learning Objectives


