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Photon Density Wave (PDW) spectroscopy [1-4] determines the absolute optical properties of highly turbid liquid
dispersions without a need for prior method calibration. As parameters, the absorption coefficient ma and the
reduced scattering coefficient ms’ are obtained. Based on Mie theory and theories for dependent light scattering,
the reduced scattering coefficient is linked to the particle size of the suspended particles, allowing for dilution-
free particle sizing in size regimes of approx. 50 nm to 500 pum. Currently, PDW spectroscopy provides a time
resolution of approx. 2 min-t and can be operated with fiber-optical process probes [5], thus it allows for in-line
particle size measurements during polymerization processes.

Here, PDW spectroscopy was applied to investigate the growth of polymer nanopatrticles in-line during their
synthesis. Examples cover polymerization of styrene at 20 wt%, semi-batch polymerization of vinyl acetate up to
solid fractions of 50 wt%, and starved feed copolymerization of acrylate-based monomers [6] up to 40 wt%. For
example, in the case of the synthesis of polyvinyl acetate, it could be observed in-line that the growth of the
polymer nanoparticles only commenced after a significant amount of monomer had been fed into the reactor
(approx. 20 wt%), thus indicating that during the first hour after polymerization start mainly particle nucleation
occurred. The results obtained with respect to particle size agreed well with off-line dynamic and static light
scattering reference experiments, which required sampling and sample dilution.

By the use of multiple laser wavelengths for PDW spectroscopy, an estimation of the particle size distribution
during synthesis can be obtained as well [2]. In the case of polyvinyl acetate, the findings indicate an increasing
particle size distribution width during its synthesis. Based on the estimation of the particle size distribution,
particle numbers and particle growth rates can be calculated, thus providing access for an increased process
understanding and finally an approach for real-time process control during synthesis of polymer nanoparticles in
concentrated dispersions.
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