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Synthesis of Polystyrene Nanoparticles with Monodisperse Size Distribution and
Positive Surface Charge Using Metal Stearates
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Abstract: Polystyrene (PS) nanospheres with a monodisperse size distribution, positive surface charge and high
molecular weight were successfully synthesized using various types of metal stearates in an aqueous NaOH
medium. The diameter of the PS nanospheres was controlled from 80 to 450 nm by changing the type of metal stear-
ate. It was also found that controlling the NaOH concentration in solution was important for producing monodis-
perse PS nanoparticles. The nanospheres prepared with zinc stearate possessed a positive surface charge of 60 to 80
mV, confirming that PS particles were functionalized with metal stearates. It is believed that the metal stearates pro-
vide PS particles with not only colloidal stability but also a positive surface charge.
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Introduction

Polymeric nanoparticles dispersed in poor solvents,
called polymer latexes, enjoy great popularity in academia
and industry.”? Especially, polymer colloidal particles
with the surface charges offer interesting prospects in vari-
ous applications. Surface-charged polymer particles with
diameters of less than 1 um are of special interest in diag-
nostic applications of biotechnology or in electrophoretic
display applications.**°

Aqueous polystyrene (PS) latexes are usually prepared
by the typical emulsion or emulsifier-free emulsion
polymerization,'""* where stabilization of the emulsion can
be obtained by electrostatic or steric force. Either diffusion of
monomer molecules into the growing polymer particle (Ostwald
ripening) or coalescence may result in destabilization and
failure of emulsion. Coalescence of latexes can be avoided
by use of excess amount of emulsifier, while the diffusional
instability of the emulsion can be greatly reduced by addition
of a small quantity of a highly monomer-soluble and water-
insoluble agent. It is noted that the improved stability results
from additional build-up of an osmotic pressure."*'* How-
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ever, in the emulsion polymerization, complete removal of the
emulsifier adsorbed on polymer particles is quite difficult,
which may be significant disadvantage in many applications
such as electronic devices.

Polymer composites including metal stearates are known
to be useful in preparing polymer resin with excellent heat
resistance or improved moldability.'*'® Several carboxylic
groups in metal stearates can form the coordination bonding
with a core metal atom. The metal stearates are compatible
with the styrene monomer through stearate group and are
expected to increase surface energy of the PS particles.
Therefore, metal stearates may act as the additive to form a
stable emulsion and at the same time provide positive sur-
face charge to the particles.

In this study, we report an emulsion polymerization method
using various kinds of metal stearates to obtain monodisperse
PS nanospheres with positive surface charge, which may be
applied for the electrophoretic display. We investigated the
effects of the polymerization conditions on the various
properties of the resulting PS particles.

Experimental

Materials. Inhibitor in styrene monomer (CiCa) was removed
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by passing the monomer through an alumina-charged column
(Aldrich) and then styrene was distilled under reduced pressure.
Potassium persulfate (KPS, Aldrich) as an initiator and the
metal (Zn, Al, Mg, Ca, Ba) stearates as the additives were
used as received. Deionized water was used as a polymer-
ization medium,

Polymerization Procedure. Polymerization of PS
particles with the metal stearates was carried out by
following the typical procedure. Mixture of a metal stearate
and 20 g of styrene (0.96 M) was added to 200 mL of
NaOH aqueous solution with moderate stirring, resulting in
milky emulsion. In order to investigate the effects of the
polymerization conditions on the properties of the resulting

PS particles, various polymerization parameters such as kind of

metal stearate, concentration (0.15, 0.25, 0.5, and 0.8 mM)
of the metal stearate and the concentration of NaOH
solution (0, 0.01, 0.1, 0.2, and 0.4 N) were changed.

Polymerization was initiated by adding 0.73 mM aqueous
solution of KPS to the monomer emulsion at 70 °C under
nitrogen atmosphere. Polymerization was carried out for
6 h and terminated by quenching the solution to 0 °C. The
PS particles were repeatedly washed with water and meth-
anol and finally collected by centrifugation. The particles were
then dried by a freeze-dryer for one day.

Characterization. Electrophoretic light scattering (ELS,
Otsuka ELS-8000) at high field strength was used to measure
particle size, its distribution and zeta potential of PS particles
suspended in a dielectric medium. Transmission electron
microscopy (TEM, Philips CM 30T) and scanning electron
microscopy {(SEM, Hitachi S-2500C) with energy dispersive
X-ray elemental analyzer (EDX) were used to investigate
the micro-structure and to confirm existence of metal atom
on PS particles. Molecular weight and its distribution of
PS particles were determined by the gel permeation
chromatograph (Young Lin, GPC 9200) with a wide dynamic
range of RI750F detector, where THF was used as an eluting
solvent.

Results and Discussion

Table I shows the mean diameters and standard deviations
of PS particles measured by ELS. It was confirmed that
emulsion polymerization of styrene using metal stearates
could produce monodisperse PS nanoparticles with positive
surface charge. However, PS polymerized without any
metal stearate showed much larger particle size and broader
size distribution than PS prepared with metal stearate. It is
believed that the hydrophobic nature of the stearate group
increased osmotic pressure in the droplets, giving rise to
emulsion stability against Ostwald ripening. It is also
believed that the increased osmotic pressure prevented the
monomer molecules from diffusing out of monomer micelle,
eventually resulting in monodisperse PS nanoparticles.

Amount of the metal stearate showed little effect on the
size and its distribution of the particle as listed in Table L.
The size of PS particles prepared using zinc stearate showed
little change with the amount of zinc stearate from 0.15
up to 0.8 mM. It must be also noted that the standard deviation
did not show any significant change with the amount of zinc
stearate.

However, the kind of metal stearate significantly affected
the particle size as shown in Table 1. Zinc and aluminum
stearates yielded PS particles with the diameter of about 80
nm, while barium, calcium or magnesium stearates produced
PS particles with much larger diameter ranging from 170 to
450 nm. The size of PS nanospheres and their distribution
examined by ELS were confirmed by TEM. As shown in Fig-
ure 1, the particle sizes of PS particles prepared with zinc
and magnesium stearates were about 75 and 185 nm,
respectively, which are almost same as the sizes obtained by
ELS.

It was found that concentration of NaOH solution is one
of the key factors to yield great effect on the diameter and
its distribution of PS particles. When PS was prepared
without NaOH solution, particle size and deviation were

Table I. Mean Diameter and Its Standard Deviation of PS Particles Prepared Under Various Conditions

Metal Stearate

Electronegativity of Metal Atom NaOH Concentration (N) Mean Diameter (nm)

Standard Deviation (nm)

Without Metal Stearate - 0.1 480 90
Ba (0.25 mM) 0.89 0.1 395 53
Ca(0.25 mM) 1.0 0.1 450 67
Mg (0.25 mM) 1.31 0.1 170 29
Al (0.25 mM) 1.61 0.1 80 18
Zn (0.15 mM) 1.65 without NaOH 950 360
Zn (0.15 mM) 1.65 0.1 77 18
Zn (0.25 mM) 1.65 0.1 78 17
Zn (0.50 mM) 1.65 0.1 80 18
Zn {0.80 mM) 1.65 0.1 75 20
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Figure 1. TEM images of PS particles prepared using (a) 0.25
mM zinc stearate and (b) 0.25 mM magnesium stearate.
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Figure 2. Size distribution of PS particle prepared using various
concentrations of NaOH solution.

950 and 360 nm, respectively as shown in Table I. These
values are much greater than those prepared with NaOH
solution, indicating formation of large and non-uniform PS
particles. Figure 2 shows the particle size distribution
curves of the PS particles prepared using various NaOH
concentrations at a fixed zinc stearate concentration (0.25
mM). As shown in Figure 2, the diameter of PS particles
prepared with 0.01 N NaOH solution was about 300 nm,
while the diameter of PS particle prepared using 0.1 N
NaOH solution significantly decreased to about 80 nm with
quite monodisperse distribution.

However, when concentration of NaOH solution was 0.2 N,
the particle size increased a little and the size distribution
became broader. The size distribution became even bimodal
distribution at 0.4 N NaOH. We consider the PS particles
with the diameter less than 100 nm and narrow size distribution
could be obtained when zinc stearate was used at an optimum
NaOH concentration. NaOH may play a role as an electrostatic
stabilizer as illustrated in Figure 3, improving stability of
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Figure 4. SEM images of freeze-dried PS nanospheres prepared

using (a) 0.25 mM zinc stearate and (b) 0.25 mM magnesium
stearate.
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monomer emulsion droplet. To verify the stability of PS
nanospheres in dry condition, SEM measurement was
performed for extensively washed and freeze-dried specimens.
As shown in Figure 4, monodisperse particles without
aggregation and collapse can be observed, implying the PS
nanospheres synthesized by metal stearates are highly stable.

The weight average molecular weight of PS nanospheres
prepared using zinc stearate was 800,000~1,000,000 g/mol,
which is in the same range of the molecular weight of PS
prepared by a typical emulsion polymerization. We also
confirmed from the zeta potential measurement that the PS
particles prepared in this study possessed the positive
surface charge ranging from 60 to 80 mV in non-polar
medium. We confirmed the existence of zinc atom including
PS nanospheres from an elemental analysis. The zinc content
in PS nanospheres showed increase with increase of the
amount of zinc stearate up to 0.8 mM.

Conclusions
We successtully synthesized monodisperse PS nanospheres

with the positive surface charge and high molecular weight
using various kinds of metal stearates in NaOH aqueous
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medium. The diameter of PS nanospheres was in the range
of 80 to 450 nm depending on the kind of metal stearate
used. It was also found that existence of NaOH was
extraordinarily important to produce monodisperse PS
nanoparticles. The nanospheres prepared with metal
stearates possessed positive surface charge of 60 to 80 mV.
It is believed that the metal stearates provide the PS particles
with not only colloidal stability but a positive surface charge.
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