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ABSTRACT

Poly(styrene-co-n-butyl acrylate) (P(Sty-co-BuA)) nanoparticles having diameters in the
range of 25-60 nm have been successfully synthesized via emulsion polymerization. Sodium
styrene sulfonate (SSNa) was used as ionic comonomer, sodium dodecyl sulfate as surfactant
and divinyl benzene (DVB) as crosslinking agent. The average polymer particle diameter
increased with decreasing the SSNa content in the feed, while increasing DVB concentration
increased the size polydispersity. Dumbbell- and snowman-like P(Sty-co-BuA)/silica biphasic
nanoparticles with silica and polymer nodules smaller than typically 60 nm in diameter were
obtained by introducing appropriate amounts of 3-(methacryloxy)propyl trimethoxysilane-
functionalized silica nanoparticles as seeds in the emulsion polymerization reaction. Neither
the quantity of surfactant nor that of the coupling agent had a strong influence on the obtained
morphologies. The control of the number of polymer nodules attached to the silica seed
through the modulation of the quantity of silica was also limited, likely because of the low
available surface area on each seed in the targeted size range. Consequently, silica/polymer
biphasic particles with on average one, two or three polymer nodules at the most were

obtained depending on the experimental conditions.

Page 2 of 23



Page 3 of 23

Polymer Chemistry

INTRODUCTION

Significant research interests are motivated by the incorporation of inorganic particles into
polymer matrices, since it considerably improves their final properties.M In this sense, fumed
silica is considered as a very efficient reinforcing agent of thermoplastic and thermosetting
polymers.” However, the incompatibility between the highly polar silica surface and the
polymer chains, and the formation of aggregates due to surface silanol group interactions via
hydrogen bonds make it difficult to achieve optimal use of metal oxide-based fillers in rubber
compounds.®® In order to overcome the lack of interactions between non-polar polymer
chains and silica surfaces, several strategies have been proposed. Basically they can be
divided in two groups based either on the enhancing of physical adsorption of organic
molecules on the silica surface, or on the creation of chemical linkages between polymer
chains and the silica surface via coupling agent molecules.”"" In this context, the synthesis of
polymer-silica particles with core-shell, hairy-, multipod- or dumbbell-like morphologies, is a
step forward in the compatibilization of highly polar silica surfaces and non-polar polymers.'*”
'* Moreover, getting these particles in smaller sizes offers various advantages due to the
increased specific surface area. Indeed unique behaviors can emerge when reducing particles
size. For instance, Mackay and co- workers,"” analyzed the miscibility of polymers with
nanoparticles in dependence of their relative sizes, and showed that polymeric nanoparticles
are completely miscible with a matrix material as long as the particle radius is smaller than
the radius of gyration of the polymer matrix. In addition, dissymmetrical particles with
distinct hydrophobic and hydrophilic domains can potentially exhibit specific wettability
properties and hence, show unusual adsorption behaviors at solid/liquid, liquid/liquid or
solid/solid interfaces in comparison to isotropic spherical particles. It was shown in particular
that such particles can strongly adsorb at the interface between two immiscible polymer

phases and strongly influence the structural evolution of the polymer blends, which in turns
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depends on the particle characteristics, such as their aspect ratio, their surface properties and
their size. At last the strength of attachment of solid particles to oil/water interfaces is also
known to be strongly dependent on the particles size.

16-19 20-28 . . .
and others have invested considerable efforts in

Over the past ten years, our group
the synthesis of dumbbell-like polymer/inorganic heterodimers through seeded emulsion
polymerization. The ratio between the number of inorganic particles seeds and the number of
growing nodules was a key parameter to control the morphology of the final hybrid colloids.
However, in these previous works, the diameter of the silica particles was always larger than
typically 50 nm and as far as we know, there is no report describing the elaboration of nano-
sized dumbbell- or snowman-like silica/polymer heterodimers through heterophase
polymerization. One reason may be that the synthesis of such dissymmetrical nanoparticles

with very small sizes and a good control of particle morphologies remains a scientific

challenge.

The motivation of the present contribution was to synthesize dissymmetrical silica/polymer
particles by emulsion polymerization using for the very first time silica seeds smaller than 30
nm. Each particle is expected to be made of one poly(styrene-co-n-butyl acrylate) (P(Sty-co-
BuA)) nodule attached to a single silica sphere, resulting in dumbbell- or snowman-like
morphologies depending on the relative sizes of both constituents. The influence of three
experimental parameters, i.e. the quantities of coupling agent, silica seeds and surfactant, on
the morphology of the as-obtained biphasic particles was investigated. Such nanoscaled
dissymmetrical particles, which combine the Pickering effect known for particles and the
amphiphilic properties of molecular surfactants, could find applications, e.g. in the

30-32

stabilization of fluid interfaces,” in the compatibilization of polymer blends or as

reinforcing fillers, notably for the rubber industry.
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EXPERIMENTAL SECTION

Materials. Styrene (Sty, 99+%, Aldrich), sodium 4-styrene sulfonate (SSNa, 90%,
Aldrich), divinyl benzene (DVB, 80%, Aldrich) and n-butyl acrylate (BuA, 99+%, Aldrich)
were used as received. Sodium dodecyl sulfate (SDS, Acros Organic, 99%) was used as
surfactant. The initiator, potassium persulfate (KPS, Prolabo), and the coupling agent, 3-
(methacryloxy)propyl trimethoxysilane (y-MPS, 98%, Aldrich) were used without further
purification. The aqueous silica sol (Ludox® TM-50) used in this work was purchased from
Aldrich (France) as a 50 wt.% colloidal suspension with a number-average particle diameter,
D,, of 27 nm (as determined by TEM), a density (p. ) of 2.3 g cm™ and a specific

surface area of 118 m” g (Table S1 and Figure S1 in the Supporting Information).

Surface modification of the silica seed. Surface grafting of the silica colloids was
performed by introducing known amounts of y-MPS into 1.4 mL of a 250 g L stock silica
suspension containing 0.5 g L™ of SDS as reported elsewhere.”®> The dispersions were stirred
magnetically at ambient temperature and allowed to equilibrate for 4 h. The role of the
surfactant was to help the dispersion of the y-MPS molecules in water and achieve high

grafting densities.

Particle synthesis. SDS, water, the monomers (a mixture of Sty and BuA) and the
crosslinker (DVB) were introduced in a 1-L glass thermostated reactor fitted with a condenser
and purged with nitrogen under stirring (300 rpm) for 60 min before heating to 70 °C. KPS
dissolved in 25 mL of deionized water was added to initiate the emulsion polymerization
reaction. When present, SSNa was introduced in the water phase before introducing the

monomers. The regular withdrawal of samples allowed us to follow the monomer conversion



Table 2. Summary of experimental conditions of the polymerization experiments performed in this study and morphological features of the as-
obtained biphasic particles (T = 70 °C).
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Run [Sty] [BuA] [DVB] [SDS] [SSNa] [KPS] [SiO;] [y-MPS] Conv. D,raex Dw/Dy  Niutex/Nsitica  Niates/Nsitica N
gL' gL' gL' gL' gL! gL' gL pmol m™ (%) (mm)* (TEM) (targeted) (actual) latex/silica
1 103 3 98 24 1.17 ; ; ;
IR 0o 92 06 0.7 0 ) 95 28 1.10 ; : :
3 0 93 31 1.09 0.6 0
4 0.8 91 31 1.08 0.6 ]
5 128 33 02 05 06 07 35 1.5 98 27 1.11 0.8 1 1.1
6 3.3 82 26 1.21 1 -
7 8.3 91 23 1.32 1.5 :
8 70 98 25 1.03 0.4 0.65 0.9
9 17 99 24 1.33 1.6 3.0 1.1
o 128 33 02 05 06 07 A 1.5 o1 P 1o 67 35 0o
11 0.4 84 47 1.05 64.0 14.7 2.4
12 128 33 02 05 0 0.7 0 ; 96 58 1.07 ; ; ;
13 43 11 0.5 1.5 0 025 0 ) 915 59 1.02 _ ; ;
14 0 90 61 1.04 0.7 0
15 1.5 92 57 1.04 0.9 0.8
A 11 0.5 1.5 0 025 13 >3 03 o 103 0.8 055 :
17 8.3 72° - - - -
18 0 1SE - - - -
19 0.1 32 - - - -
o 8 11 0.5 05 0 025 13 1.5 o 60 L - 06 -
21 1 83 57 1.04 0.8 ]
22 68 92 53 1.18 0.15 0.2 0.5
23 45 94 49 1.10 0.2 0.4 0.5
a B 0.5 L 0 02,7 1> 90 57 116 22 2.4 11
25 0.7 91 77 1.27 15.0 6.7 1.9

“Size of the P(Sty-co-BuA) nodule determined by TEM. ° Flocculation occurred.
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by gravimetric analysis. When the silane-modified silica seeds were used, they were mixed
with the surfactant and the monomers before they were introduced into the reactor. All the
experimental conditions of the polymerization experiments performed in this study are

displayed in Table 2.

Characterizations. Monomer consumption was followed by gravimetric analysis of
samples withdrawn from the polymerization medium at different times. The glass transition
temperature (T,) of the polymer particles was determined by differential scanning calorimetry
(DSC). Heat flow from the samples was measured with a DSC Q100 from TA Instruments
Waters (USA). The DSC runs were performed at a ramping rate of 10 °C min™ from 0 to 120
°C in aluminum pans that were 7 mm in diameter. For TEM analyses, a drop of the diluted
latex suspension was deposited on a carbon-coated copper grid and allowed to evaporate
before observation with a Hitachi H600 microscope operating at 70 kV. The number- and
weight-average particle diameter (D, and D,,, respectively) as well as the particle diameter
dispersity (D,/D,) were determined from the TEM micrographs. The number of latex

particles, Niex, Was calculated from the monomer-to-polymer conversion and D,, as follows:

1021
Niatex = Muatex * 7m0
latex latex [("/6)(D3)Pratex]

where miyex (g) is the latex weight, and p0 (1.05 g em’
%) is the latex volumic mass.

The number of silica particles was calculated in a similar way from mgjjica, Psitica (2.3 & cm'S)
and the silica particle diameter determined by TEM (e.g. 27 nm, Table 1).

The targeted Niaex/Nsilica Tatio was defined as the ratio of the number of latex particles
formed in the absence of silica to the number of silica particles introduced in the reactor. It
was compared to the actual Njyex/Ngiica Tatio, which is the ratio of the actual number of latex

particles formed in the presence of silica to the number of silica particles. Finally the

Niatex/silica Tatio was used to describe particles morphology. It corresponds to the number of
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latex particle effectively nucleated around each silica particle, as determined through

statistical analysis of the TEM images from at least 200 particles.

RESULTS AND DISCUSSION

Formation of dumbbell-like biphasic particles.

With the goal of preparing dumbbell-like binary particles, we first conducted a series of
experiments without any silica seed in order to determine the experimental conditions
allowing us to get polymer nanolatexes with a number-average particle diameter close to that
of the silica sol, i.e., around 27 nm (Table S1). The reactor was charged with the surfactant,
the monomers, KPS and water in the quantities shown in Table 2 (runs 1-2). The monomer
composition was fixed such as to reach a glass transition temperature (Ty) close to 65°C
(Figure S2 in the Supporting Information) while small amounts of styrene were replaced by
DVB in order to partially crosslink the polymer particles. These conditions were selected to
form composite particles for use as fillers for rubbery materials. Accordingly, the T, of the
polymer particles was chosen so as to match the viscoelastic properties of the rubbery matrix
and to allow for a characterization of the final materials properties at temperatures that
remained experimentally accessible both above and below this T,. The particles also needed
to be crosslinked to withstand the mechanical forces imposed by the compounding process. A

small quantity of SSNa was also employed as co-monomer to control particles size.

In both cases, stable latexes in the targeted size range were obtained and the monomer-to-
polymer conversion was almost complete. We observed an increasing polydispersity of the
particle size with increasing DVB concentration (see Supporting Information, Figure S3).
This result agrees with the findings reported by Brijmohan ez al.,>* and can be attributed to the

fact that the swelling capacity of the particles decreases with increasing the crosslinking
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degree, which limits particle growth and promotes secondary nucleation. It also cannot be
fully ruled out that the oligomers from DVB favor inter-crosslinking between growing
particles, which would also contribute to the increased particle size distribution. DVB
concentration was thus fixed at 0.2 g L for the following seeded-emulsion polymerization

experiments.

Effect of »-MPS grafting density on particle morphology

As shown in previous works, the grafting of a polymerizable silane coupling agent such as
v-MPS is a prerequisite condition for successful formation of biphasic particles made of a
central silica core surrounded by polymer nodules.**~">® In order to investigate the influence
of this parameter in more depth, a series of polymerization experiments was performed in the
presence of un-grafted and y-MPS-grafted silica suspensions under the experimental
conditions given in Table 2 (runs 3-7). The number of introduced silica seeds was close to
that of the latex particles expected at the end of the polymerization, i.e. Niex/Niilica (targeted)
= 0.8, in order to favor the formation of dumbbell-like particles. Figure 1 shows the
conversion versus time curves for polymerization experiments performed in the presence of
silica particles containing an increasing amount of methacryloyloxypropyl groups at their
surface. The reaction carried out with bare silica seeds exhibits the same kinetic behavior as
that of the reference experiment without silica. The others exhibit a higher polymerization
rate, indicating that a high number of polymer particles are formed from the beginning of the
polymerization, which suggests that the functionalized silica particles play the role of a seed
ensuring the rapid formation of a large number of polymer nanoparticles and accelerating the

nucleation process as was previously observed for 80 nm diameter silica particles.™
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100 7
80 1
S 60 - — Without silica (run 2)
‘5 —m—  Un-grafted silica (run 3)
o e —o— [y-MPS]=0.8 umol m* (run 4)
§ —A—  [y-MPS] = 1.5 umol m2 (run 5)
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/ —x— [y-MPS] = 8.3 umol m?2 (run 7)
O o T T T 1
0 25 50 75 100
Time ( min)

Figure 1. Conversion versus time curves for polymerization experiments performed in the
presence of Ludox® TM-50 silica particles with increasing amounts of y-MPS on their
surface. Runs 2-7, Table 2. [Sty] = 12.8 g L, [BuA] =33 gL", [DVB]=0.2gL", [SDS] =
0.5gL" [SSNa]=0.6 gL", [KPS]=0.7 gL" and [SiO,]=35gL".

Figure 2 shows the TEM images obtained for nominal grafting densities of 0 (run 3), 1.5
(run 5) and 8.3 pmol m™ (run 7). It can be seen that the polymerization performed in the
presence of non-grafted silica particles gave rise to separate populations of silica beads and
polymer latexes with no apparent interactions between them. For the other experiments, the
latex spheres showed affinity for the silica surface indicating that the organic modification is
mandatory in order to yield biphasic colloids. Particles with a dumbbell-like morphology (the
silica and polymer particles having more or less the same size) are mainly produced. Some
other biphasic particles resulting from the growth of two latex particles on one silica seed (so-

called “trimers”, pointed by arrows on TEM pictures) could also be seen.

10
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Figure 2. TEM images of Ludox® TM-50 silica/P(Sty-co-BuA) particles obtained for

different y-MPS grafting densities: (a) 0 pmol m? (run 3), (b) 1.5 pmol m? (run 5), and (c)
8.3 pmol m™? (run 7). Scale bar: 100 nm. [Sty] = 12.8 gL', [BuA]=3.3 gL", [DVB] =02 g
L', [SDS]=0.5gL", [SSNa]=0.6 gL, [KPS]=0.7 g L" and [SiO,] =35 g L.

The particle size and size distribution of the P(Sty-co-BuA) latexes directly determined
from the TEM micrographs as a function of the y-MPS grafting density are summarized in
Table 2 (runs 3-7). It can be seen that the diameter of the copolymer latex particles decreases
with increasing the y-MPS grafting density, suggesting that silica particles with increasing
amounts of methacryloyloxypropyl groups at their surface, are capable of stabilizing a greater
number of latex particles as previously reported in the literature for larger silica particles.35
Consequently, the actual Niex/Nsiica Tatio increased and was getting farther away from the
targeted value. The Nigexsiiica Tatio evolved in a similar way and a majority of dumbbell-
shaped particles were obtained for nominal grafting densities of 1.5 or 3.3 pmol m>.
However, surprisingly, this last parameter did not have a significant influence on particle
morphology contrary to the results previously reported for larger silica particle:s.33 Indeed,
multipod-like particles were formed whatever the y-MPS grafting density with a number of
polymer nodules not exceeding 1.5. This may be related to the small diameter of the silica
seed and the associated small surface area that does not allow the growth of a large number of
polymer nodules.

11
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Effect of the silica concentration

A series of experiments was performed with increasing silica concentrations and under the
conditions listed in Table 2 (runs 8-11) in order to verify whether the Niaewsilica 1atio could be
effectively controlled by adjusting the targeted Niuex/Nsilica ratio as shown previously for
emulsion polymerization of styrene in the presence of larger silica seeds.’’>* The results
obtained in the present work demonstrated that this parameter is also pertinent, but less
accurate. Actually, it can be seen in Table 2 that the diameter of the latexes increased with
decreasing the silica concentration, i.e. with increasing Niaex/Nisiica. The overall number of
latex particles thus decreased leading to an increasing discrepancy between the actual and
targeted Niaex/Nsilica ratios. This result highlights once again the importance of the silica
particles seed in controlling polymer particles nucleation. More precisely, Figures 3 and Table
2 show that dumbbell-like particles (Njaexsilica = 1) are mainly obtained when Niex/Nsitica < 2.
Figure 4 shows the relative proportions of the various morphologies observed for the biphasic
particles for different Njuex/Nsiica ratios, calculated by a statistical analysis based on 200
particles for each experiment. It is seen that when higher Niueex/Niiica ratios were targeted, the
observed Niexsilica differed from the expected values. For instance, in Figure 3¢ (Njatex/Nsitica =
64) a complex mixture of dumbbell-like, trimers, tetramers (one silica surrounded by three
polymer nodules) was observed, while particles containing more than 3 polymer nodules were
scarce. In these situations, the small contact angle of the P(Sty-co-BuA) nodules with the
silica surface was not favorable to the coexistence of several copolymer nodules, because the
available surface area on each seed was low. In addition, one should also note that the
proportion of free latex particles increased while increasing Niex/Niilica @S expected. Indeed,
the lower the silica concentration, the lower the probability of free radical capture by silica

and the higher the extent of secondary nucleation. In summary, the highest proportion of

12
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dumbbell-like particles (i.e. 54 and 48%, respectively) was achieved for targeted Niatex/Nsilica
ratios close to one while decreasing the silica concentration (i.e. increasing Niaex/Nsilica)

promoted secondary nucleation.

Figure 3. TEM images of Ludox® TM-50 silica/P(Sty-co-BuA) biphasic particles obtained
for different Njyex/Nsiica Tatios: (a) 0.4 (run 8), (b) 0.8 (run 5), (c) 1.6 (run 9), (d) 6.7 (run 10)
and () 64 (run 11). Scale bar: 100 nm. [Sty] =12.8 g L', [BuA]=3.3 gL",[DVB]=0.2¢gL’
! [SDS]=0.5gL", [SSNa]=0.6 gL, [KPS]=0.7 g L" and [y-MPS] = 1.5 pmol m™.

13
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Figure 4. Relative proportions of the different morphologies (Njaexsilica) Observed in batches
of Ludox® TM-50 silica/P(Sty-co-BuA) biphasic particles obtained for different targeted
Niatex/Nsilica Tatios, as determined by statistical analysis of TEM images. [Sty] = 12.8 g L'l,
[BuA]=3.3gL", [DVB]=02gL", [SDS]=0.5gL", [SSNa]=0.6 gL", [KPS]=0.7gL"
and [y-MPS] = 1.5 pumol m™.

Formation of snowman-like biphasic particles.

Our second goal was to synthesize snowman-like particles whose silica part would be
smaller than the organic nodule. We thus first performed another series of experiments
without any silica seed in order to determine the experimental conditions leading to
nanolatexes with a number-average particle diameter larger than 30 nm. By comparison with
run 2 in the previous series of experiments (Table 2), we did not use SSNa as comonomer in
order to reduce the number of anionic charges at the particle surface, and hence, form larger
particles (run 12, Table 2). A stable latex with a number-average particle diameter of 58 nm

was obtained. We also performed a similar experiment multiplying the amounts of styrene

14
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and BuA by ~3.3 to increase the solid content up to 5 wt. % but it then was necessary to
decrease the amount of initiator and to multiply the SDS concentration by three (run 13, Table
2) to get a stable latex suspension with a number-average particle diameter of 59 nm (see
Supporting Information, Figure S4). It is worth noting that polymerization experiments
performed with SDS concentrations lower than typically 1.5 g L systematically yield

unstable latexes.

Effect of the »-MPS grafting density on particle morphology

We next performed a series of polymerization experiments in the presence of un-grafted
and y-MPS-grafted silica suspensions under the conditions of run 13, as listed in Table 2 (runs
14-17). The amount of silica was fixed such as Niex/Niilica = 0.8 in order to promote the
growth of only one polymer nodule onto one silica seed and thus to avoid the formation of
trimers and tetramers. Figure 5 shows the TEM images of the obtained biphasic particles for
grafting densities of 0, 1.5 and 2.5 pmol m™. As previously, the polymerization performed in
the presence of non-grafted silica particles gave rise to separate populations of silica beads
and polymer latexes with no apparent interaction between them. For low y-MPS grafting
densities (< 2.5 pmol m™), particles with a snowman-like morphology were mainly produced.
Some free silica seeds and polymer particles could also be seen. When the y-MPS grafting
density increased to ca. 8.3 pmol m™, the conversion was limited to ca. 72 %, the latex
becoming unstable, preventing any reliable statistical analysis. This is probably due to the
high affinity of the growing latex for the modified silica surface, which favors the
agglomeration of the particles through the encapsulation of several silica seeds within a larger

polymer particle.

15
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Figure 5. TEM images of Ludox® TM-50 silica/P(Sty-co-BuA) biphasic particles obtained
for different y-MPS grafting densities: (a) 0 pmol.m™ (run 14), (b) 1.5 pmol m™ (run 15) and
(¢) 2.5 umol m™ (run 16). Scale bar: 100 nm. [Sty] =43 gL, [BuA]=11gL", [DVB]=0.5
gL' [SDS]=1.5gL", [KPS]=0.25¢gL" and [SiO,] =13 g L.

Effect of the SDS concentration

As mentioned previously, polymerization experiments performed in absence of silica seeds
gave stable latexes only if the concentration of SDS was larger than 1.5 g L™ (run 13, Table
2). We studied the influence of this parameter when y-MPS-grafted silica nanoparticles ([y-
MPS] = 1.5 pmol m™) were introduced in the reaction medium (runs 18-21, Table 2). Figure
6 shows the conversion versus time curves for polymerization experiments performed in the
presence of various amounts of surfactant. When [SDS] increased, both conversion and
polymerization rate increased as expected since the surfactant molecules are able to stabilize
more growing polymer particles. When [SDS] was lower than 0.5 g L™, the conversion was
very low and the latex became quickly unstable. However, the conversion was almost
complete when [SDS] = 1 g L' (which was not the case in the absence of silica
nanoparticles), confirming that the functionalized silica seeds are also able to stabilize the
growing polymer nanoparticles. In that case, snowman-like particles whose polymer nodules
were slightly larger than those of particles formed when [SDS] = 1.5 g L™ were obtained, as

expected (Supporting Information, Figure S5).

16
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Figure 6. Conversion versus time curves for polymerization experiments performed in the
presence of Ludox® TM-50 silica particles and increasing amounts of SDS. [Sty] =43 g L',
[BuA]=11gL", [DVB]=0.5gL", [y-MPS] = 1.5 umol m?, [KPS]=0.25 g L and [SiO,]
=13gL™".

Effect of the silica concentration

We also studied the influence of the Nijaex/Niilica Tatio on the morphology of the composite
particles by running a series of experiments with increasing silica concentrations as listed in
Table 2 (runs 22-25). When Nieex/Niilica < 1, snowman-like particles and free silica seeds were
observed (Figure 7). A statistical analysis showed that the proportions of trimers and
tetramers increased when Niex/Nsiica Was larger than one (Figure 8). As previously, the
observed Niaexsilica 1atio was lower than the expected value, indicating that the growing
polymer nodules either coalesced or were expulsed from the seed, its surface area being too

low for allowing a high number of attached nodules to grow independently.

17
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Figure 7. TEM images of Ludox® TM-50 silica/P(Sty-co-BuA) biphasic particles obtained
for different Njaeex/Nsilica Tatios: (a) 0.2 (run 23), (b) 2.2 (run 24) and (c) 15.0 (run 25). Scale
bar: 100 nm. [Sty] =43 gL', [BuA] =11 gL", [DVB]=0.5gL", [SDS]=1.5gL", [y-
MPS] = 1.5 pmol m™ and [KPS]=0.25 g L™.
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Figure 8. Relative proportions of biphasic particles (Niaexsilica) Obtained for different
Niatex/Nisilica Tatios, as determined by statistical analysis of TEM images. [Sty] = 43 g L™,
[BuA]=11gL" [DVB]=0.5gL", [SDS]=1.5gL", [y-MPS] = 1.5 pmol m™ and [KPS] =
025gL™".
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CONCLUSIONS

Silica/P(Sty-co-BuA) biphasic nanoparticles were synthesized under batch emulsion
polymerization. The silica seeds, whose surface was modified through the grafting of y-MPS
molecules, were able to stabilize the growing latex particles and induced an acceleration of
the polymerization kinetics. Particles with dumbbell-like and snowman-like morphologies
were preferentially obtained when Njgex/Nsiica Was < 1. When higher Niex/Nsilica Tatios were
used, the observed Njuexsiica did not match the expected values because the available surface
area on each seed was too low to capture all nucleated latex particles and/or to accommodate

a high number of P(Sty-co-BuA) nodules.

SUPPORTING INFORMATION

Main characteristics and TEM image of the Ludox® TM-50 colloidal silica particles. DSC
thermogramm of run 2. TEM images of the latexes obtained in runs 1, 2, 13 and 21,

respectively.
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