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Introduction
Modeling free-radical polymerization is important for science and industry, but
often completely different model assumptions and parameter values are reported
for ostensibly the same systems. Several IUPAC projects are underway to
rectify this situation through international collaboration, by producing critically
evaluated kinetic parameters. Most of the activities so far have focussed on
propagation rate coefficients, kp, but termination rate coefficients, kt, have also
been addressed.

Pulsed-laser-assisted techniques are perfectly suited for measuring reliable rate
coefficients of free-radical polymerization. Two such methods are of particular
importance: The PLP-SEC method uses pulsed-laser polymerization (PLP) in
conjunction with size-exclusion chromatography (SEC) analysis of the
polymeric material. Analysis of the molecular weight distribution enables the
unambiguous determination of kp. Within the second method, SP-PLP,
polymerization induced by a single laser pulse (SP) is monitored via on-line
infrared or near-infrared spectroscopy with a time resolution of microseconds.
The measured trace of monomer conversion vs. time provides access to kt.
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L1: number of propagation steps between
two successive laser pulses

butyl methacrylate
 90°C, 25 Hz, 1 mmol/L benzoin
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Methyl methacrylate
homopolymerization in bulk
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Butyl methacrylate
homopolymerization in bulk
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Temperature and pressure dependence
of the propagation rate coefficient kp

1.0

2.0

3.0

4.0

5.0

lo
g[

/(L
·m

ol
·s

)]
k p

–1
–1

3.0 3.2 3.4 3.6

T–1 –3 –1)/ (10 K

styrene

acrylates

vinyl acetate

methacrylates

1.0

2.0

3.0

4.0

5.0

lo
g

[
/(L

·m
ol

·s
)]

k p
–1

–1

0 500 1 000 1 500 2 000

p / bar

MMA

styrene

DMA

MA

DA

1 bar 30 °C



kt from pulsed laser initiated
polymerization in combination with

time-resolved NIR spectroscopy
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Propagation and termination rate
coefficients at 40°C and 1000 bar
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Termination rate coefficients for
methyl methacrylate

30°C, 1000 bar 0°C, 1 bar
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Termination rate coefficients in acrylate
homopolymerizations
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