Electronic Supplementary Material (ESI) for Reaction Chemistry & Engineering.

Supporting Information for “Coupled Stochastic Simulation of
the Chain Length and Particle Size Distribution in Miniemulsion

Radical Copolymerization of Styrene and N-Vinylcaprolactam”

Yoshi W. Marien, 23 Paul H.M. Van Steenberge,” Andrij Pich,23*" Dagmar R. D’hooge'®

! Laboratory for Chemical Technology (LCT), Ghent University, Technologiepark 125, 9052

Zwijnaarde, Belgium.

2 DWI — Leibniz Institute for Interactive Materials e.V., Forckenbeckstr. 50, 52074 Aachen,

Germany.

% Institute of Technical and Macromolecular Chemistry, RWTH Aachen University,
Worringerweg 2, 52074 Aachen, Germany.

4 Aachen-Maastricht Institute for Biobased Materials (AMIBM), Brightlands Chemelot Campus,
Urmonderbaan 22, 6167 RD Geleen, The Netherlands.

> Centre for Textile Science and Engineering (CTSE), Ghent University, Technologiepark 70a,
9052 Zwijnaarde, Belgium.

* Corresponding authors: paul.vansteenberge@ugent.be , pich@dwi.rwth-aachen.de, andrij.pich@

maastrichtuniversity.nl



mailto:paul.vansteenberge@ugent.be
mailto:pich@dwi.rwth-aachen.de
mailto:andrij.pich@maastrichtuniversity.nl
mailto:andrij.pich@maastrichtuniversity.nl

S1 Additional modeling details

S1.1  Calculation of (macroscopic) apparent chain length and monomer conversion dependent
termination rate coefficients

Apparent chain length and monomer conversion dependent termination rate coefficients are

calculated via the composite ki model® as accessible via reversible addition fragmentation chain

transfer — chain length dependent — termination (RAFT-CLD-T) experiments. The apparent

(macroscopic) termination rate coefficient for termination between two radicals of chain length i,

ke,app(i,i), is calculated via:

I <lgel
kt,app(i' l) = kt(lll)i_as i < iSL (Sl)
kt,app(i' l) = kt(l,l)iSLaL_aSi_aL i > iSL (82)
i > igel
kt,app (i, 1) = ke (1,1)ige 0™ i 0e! I <is, (S3)
ke app (i, 1) = kt(1:1)iSLaL_aSigela‘gd_aLi_ag"’l i>ig (S4)

Due to the lack of CLD-T model parameters for VCL radicals, model parameters pertaining to

styrenic radicals? are used irrespective of the terminal unit (mp: mass fraction of the polymer):

(Ager = 1.22m, — 0.11
iSL =30

iger = 3.30m, 213



The apparent termination rate coefficient for termination between a radical of chain length i and

chain length j, Keapp(i,j), is approximated via:®

.. .. . .05
kt,app(l»]) = (kt,app (i,1) kt,app(]'])) (S5)

It is worthwhile to highlight that in the kMC model no lumping of the termination possibilities is
performed and an average <kiapp> IS thus not used. Instead each termination possibility is
considered individually. Indeed, for each termination possibility ki app(i,]) is calculated based on the
chain length of the two radicals and the polymer mass fraction and volume of the reaction locus
(i.e. the aqueous phase or a specific particle) in which the two radicals of the termination possibility

are present.

S1.2  Calculation of chain length dependent diffusion coefficients for entry and exit of oligomers

The diffusion coefficient of oligoradicals having a chain length i, Dr(i), is assessed via:*

. Dy
Dr() = [0-664+2.2m; (S6)

in which Dw is the diffusion coefficient of a styrene molecule and m, the polymer mass fraction of
the reaction locus (i.e. the aqueous phase or a specific particle) in which the radical is present. For

the calculation of the diffusion coefficient in the aqueous phase, mp is taken equal to zero.

S1.3  Entry and exit of initiator and monomer molecules: only lumped update

In contrast to entry and exit events of radicals, which are sampled one by one, in agreement with
Marien et al.,® entry and exit phenomena of the initiator (AIBN) and the comonomers (styrene and
VCL) are sampled via lumped events, i.e. they are only taken into account after a certain number
of events (e.g. 1000) has taken place. If this is the case, the number of I,, styrene and VCL

molecules at the current time t; (ti-1 is the time of the previous update) is updated at follows:



X1, (6, t)) = Xp, (i, tim1) + [Renery,t, (i tim1) = Rexier, (i tim) [t — tima), i = 1, N, (S7)
Xs(i, t;) = Xs(i, ti-1) + [Renery,s (i tio1) = Rexie,s (i tim) | [t = ti-4], i = 1,.. N, (S8)

Xy (i, t) = Xy (i, ti-1) + [Renery,y (i tim1) = Rexiey (i tim)][t; — tiq], i = 1, N, (S9)

Ny Np
Xlz,aq (ti) = Xlz,aq (ti—l) + Z Rexit,l2 (i' ti—l) - 2 Rentry,lz (i; ti—l) [ti - ti—l] (810)
i=1 i=1

Np Np
Xsaq (t) = Xsaq (ti—1) + Z Rexit,s(i: ti—g) — Z Rentry,s(i' ti—q) | [t — tizq] (S11)
i=1 i=1

Np Np
XV,aq (ti) = XV,aq(ti—l) + Z Rexit,V(i' ti—l) - Z Rentry,V(i' ti—l) [ti - ti—l] (512)
i=1 i=1

with X, (i, t;), Xs(i, t;) and Xy, (i, t;) the number of I, styrene and VCL molecules in particle i (Np
particles in total) at time ti, X, ,(¢:), Xs,aq(t;) and Xy 44(t;) the number of Iz, styrene and VCL
molecules in the aqueous phase at time ti, Rengryp,sv(i,ti-g) the entry rate (in s of
l2/styrene/VCL to particle i at time tis and Ry 1,5, (i, ti—1) the exit rate (in s'1) of Io/styrene/VCL

from particle i at time ti.1. Note that Repery, 1,;5.v (i, ti—1) and Reyir 1,5y (i, t;—1) follow from:

Rentry z(Ltic1) = kentry z(Lti1) [Z]aq(ti—1) (S13)
Rexit,z (L ti—1) = Kexie (i ti—1) X7 (i, ti—1) (S14)
with Z = Iz, styrene or VCL and Kentry,z(i,ti-1) and Kexit z(i,ti-1) the entry/exit rate coefficient for species

Z and particle i at time t;.1, so calculated using its diameter dp,; at time t;.1.

S1.4  Entry and exit rate coefficients corresponding to a particle diameter of 200 nm
To allow a comparison with the entry/exit rate coefficients corresponding to a particle diameter at

100 nm (listed in Table 1 in the main text) the values corresponding to a particle diameter of 200



nm are listed in Table S1. For all other particle sizes the reader is referred to formulas in the

footnotes of Table 1 (main text) for the calculation of the corresponding entry/exit rate coefficients.

Table S1. Entry and exit rate coefficients corresponding to a particle diameter of 200 nm.

Event Equation k for dp = 200 nm
kentry,I 7 -1 e-1
Entry of I, Ly —> 1, 1.2 x10" L mol?s
Entry of | I, Kentry! I, 1.2 x107 L mol* st
Entry of Ma M, IMMAp 1.2 x10” L mol*t s
Entry of Ms M, My My, 1.2 x107 L mol* st
k *
Entry of Ma™ M, entry.My . 1.2 x10" L mol* s
k *
Entry of Mg M3, entry. Mg M;,, 1.2 x107 L molt s
Entry of R; Ry Kentry R R, 1.2 x107 L mol* st
H kexit,l 2 o1
Exit of I, Ly —3L. 4.2 x10“s
H kexit,] -1 -1
Exit of I L, I, 6.0 x10™ s
. Kexi 2
Exit of M a My, exitMa o 1.7 x102 51
Exit of Ma" o Fexivaty 1.7 x10? s
A MA,p —— MA,W ’
H kexi 1 a-
Exit of Mg Mj, XMy s 1.9 x107t st
Exit of Mg * Fexity 1.9 x107 s
xit of Mg Mé,p M;., . S
Exit of Ri (i < isal) Ri fexitR p 6.0 x101 st¢




S2 Additional results supporting the main text
Evolution of the fraction of particles having zero, one, or two or more macroradicals

(corresponding to Figure 3 in the main text)
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Figure S1. Evolution of the fraction of particles possessing zero (No; blue line), one (Ny; black line), or two
or more macroradicals (Nx2; grey line) corresponding to the i, profile in Figure 3 in the main text; initial
conditions: caption Figure 2 (main text); model parameters: Table 1 (main text); smoothed lines.



Evolution of the average number of macroradicals per particle for the case cfp,o =200 nm
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Figure S2. Evolution of the average number of macroradicals per particle corresponding to Figure 7 (main
text); initial conditions: caption Figure 7 (main text); model parameters: Table 1 (main text); smoothed lines.



Evolution of the fraction of particles possessing zero, one, or two or more macroradicals for

the case d,, o = 200 nm

— No— M N,

1.0 -
~ 038
g
t 06
]
&
g 04
g
=
Z 02

0.0 ' : S e

0 500 1000 1500 2000
Time (min)

Figure S3. Evolution of the fraction of particles possessing zero (blue line), one (black line) or two or more
(grey line) macroradicals corresponding to Figure 7 (main text); initial conditions: Figure 7 (main text);

model parameters: Table 1 (main text); smoothed lines.
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