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Most studies on emulsion polymerization and in particular the ones using the Smith-Ewart approach assume
an average particle size and monomer concentration. Moreover, the zero-one or pseudo-bulk approximation is
often employed. Using a novel kinetic Monte Carlo (kMC) model in which reaction and interphase mass transfer
events are tracked for each particle and diffusional limitations on termination and exit/entry are taken into
account it is demonstrated that differences in the number of radicals and monomer concentration between
particles need to be acknowledged. For the first time, the coupled simulation of the evolution of the chain length
distribution (CLD) and particle size distribution (PSD) in miniemulsion (co)polymerization is highlighted.*?

First, a downgraded kMC model in which only the average particle size instead of the entire PSD is
considered and in which the actual particle monomer concentrations are assumed to be equal to the average one
is successfully benchmarked to a conventional Smith-Ewart model for miniemulsion homopolymerization (Fig.
1: full green vs. dashed black line). Notably, if the full kMC model is used (Fig. 1: full blue line), i.e.
fluctuations in the monomer concentration over the particles are taken into account, a different evolution of the
miniemulsion characteristics is obtained, illustrating the relevance of the developed modelling strategy.*

Next, the kMC model is applied to radical miniemulsion copolymerization of styrene and
N-vinylcaprolactam (VCL). The disparate terminal monomer reactivity ratios are shown to induce a consecutive
dominant incorporation of styrene and VCL. Moreover, the initial comonomer fractions are demonstrated to
affect the exit and entry pattern, thereby affecting the evolution of the CLD. A strong effect of the initial PSD on
the miniemulsion kinetics is also highlighted. A very dynamic PSD is simulated, with a negative skewing of the
PSD at low monomer conversions and a uniformization of the PSD as the monomer conversion further increases.

Overall, the developed modelling tool allows to overcome the shortcomings of the Smith-Ewart approach and
unveils unique insights for radical miniemulsion (co)polymerizations, enabling the model-guided design of
copolymer nanoparticles for e.g. controlled drug delivery applications.?
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Figure 1. Importance of monomer fluctuations over the particles for the calculation of the evolution of the
monomer conversion (Xwm; left) and number (x»; middle) and mass (xm; right) average chain length.
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