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Functionalized polystyrene (PS) microspheres are promising materials for the isolation of the chiral drugs
due to their properties, such as a large surface area, high chemical stability and tunable morphology.
Considering 10-100 um microspheres are suitable as the matrix materials of the chiral stationary phase, and
there are few reports on this. Here we report a facile synthesis of the tens-micron-sized carboxylated PS
microspheres by a technology between the dispersion and suspension polymerization. The relation between
the reaction solutions and the size of the carboxylated PS microspheres were investigated. The study
showed that, the more H,0 were used in the reaction solutions, which lead the principle of the reaction
more close to the suspension polymerization, the larger size of the carboxylated PS microspheres. In
addition, more acrylic acid would destroy the stability of the sphere morphology. Comparing the particle size
distribution and morphology, it was revealed that tens-micron-sized carboxylated PS microspheres with
narrow size distribution can be fabricated with the ratio of H,O/Ethanol 30/20 and the proportion of

carboxyl groups reached to ~11%.

Introduction

In recent years, the isolation of the chiral drugs has
received prominent attention [1,2]. HPLC based on chiral
stationary phases (CSPs) has become one of the most
attractive approaches to chiral separations due to its
simplicity, speed and selectivity [3-5]. Due to the high
column efficiency and column capacity, the Brush-type
CSPs has been widely used in the field of medicine [6,7].
Silica, was always utilized as the carrier of the Brush-type
CSPs. However, poor mechanical properties and solvent
resistance limit its application. Functionalized polymer
microspheres is a class of materials with excellent
mechanical properties, controllable morphology and good
solvent resistance, which makes it particularly attractive
for the Brush-type CSPs applications [8].

Functional polymer particles with various reactive
groups on the surface have extensive applications in a
variety of fields that include chromatography [8], X-ray
imaging [9], controlled drug delivery [10,11], biosensors
[12] and so on. Functionalized polystyrene (PS)
microspheres has always been the focus of research and
development [13]. The carboxyl group is one of the most
important surface functional groups for the particles that
are intended for biomedical or biodiagnostic applications
[14]. Furthermore, the preparation of monodisperse
particles in the 10-100 pum range is particularly
challenging because it is just between the limits of particle
size by conventional dispersion polymerization [15] and
suspension polymerization [16].

In dispersion polymerization, monomers, initiator,
and stabilizer are firstly dissolved in the reaction medium
and the polymer particles gradually precipitate out from
the reaction medium [17]. Ha J.W. et. al., [18] reported
the  preparation of  carboxyl-functionalized PS
microspheres based on one stage batch or two-stage semi-
continuous dispersion polymerizations in fluorinated
alcohol, the size of the particles is only ~ 1.4 um. Beal et
al. prepared the size of the crosslinked P(St-co-AA)
microspheres around 0.8 um by using butan-1-ol as the
medium [15]. In addition, no matter how to change the
parameters in the polymerization, the size of the particles
were no larger than 10 um.

Moreover, the medium of the suspension
polymerization cannot dissolve the monomer and initiator,
each droplet, just containing monomer and few initiator, is
an individual reaction system which have more monomers
than the same situation in dispersion polymerization.
Therefore the particles prepared by traditional suspension
polymerization always bigger than 100 pum. Our earlier
research work revealed this principle [19]. In this study, a
simple method was proposed to prepare the tens-micron-
sized carboxylated PS microspheres. It was synthesized
through the method between dispersion and suspension
polymerization by utilizing mixed reaction medium which
can adjust the content of the monomers in each reactor in
turn to adjust the particle size. The factors influencing on
the size and the particle size distribution were discussed.
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Experimental
Material details

In this work, in order to guarantee the progress of the
polymerization, the styrene (St) and acrylic acid (AA)
were used after distillation at reduced pressure. The
polymerization initiator azodiisobutyronitrile (AIBN),
stabilizers polyvinylpyrrolidone K90 (PVP K90) was used
without further purification. Ethanol and distilled water
were commercially available and used without
purification.

Material synthesis

A four-neck round-bottom flask was used as the container
for the polymerization, with the solvent mixture of
ethanol/H,O used as the dispersion medium, PVP K90 as
the steric stabilizers, AIBN as the initiator. Under a
nitrogen atmosphere, the copolymerization of St and AA
was performed by a new method between the suspension
and dispersion polymerization.

Firstly, the given amount of PVP K90 was dissolved
into the dispersion medium, stirring at a constant rate, and
then the initiator AIBN was dissolved into the mixture of
the monomers, then the St, AA and AIBN mixtures was
poured into the flask. At last, the flask was suspended in a
temperature controlled water bath at 75°C. The reaction
continued for 12 h totally. The resulting particles were
dispersed by ultrasound wave, isolated by filtration and
washed with distilled water and ethanol sequentially,
finally dried at 60°C for 24 h.

Characterizations

The chemical structure of the products was analyzed by
Fourier transform infrared spectrometer (FTIR, Nicolet
460) with KBr wafer method. The particle size, size
distribution and morphology of the particles were
analyzed using an optical microscope (XSP-2CA).

Results and discussion

Extensively literature demonstrating that moderately
monodisperse polymer particles ranging from 1 to 10 um
can be synthesized via simple dispersion polymerization.
In addition, the traditional suspension polymerization can
be used to prepare particles larger than 100 um. Therefore,
we considered to seek one method which between the
dispersion and suspension polymerization to prepare tens-
micron-sized carboxylated PS microspheres.

Fig. 1 shows the micrograph and the size distribution
of the microspheres fabricated by varying the ratio of the
dispersion medium of the polymerization. It was found
that with the ratio of ethanol to H,O decreased from 45/5
to 10/40, the average particle diameter increased. When
the ratio of ethanol to H,O was 45/5, the mechanism of the
polymerization was much close to the dispersion
polymerization, so the size of the microspheres were all
<10 um and most of the particles were around 2.5 pm.
Then we tried to increase the ratio of the H,O in the
medium, then the bigger microspheres were obtained and
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the particle size was concentrated in 20-30 um. The tens-
micron-sized microspheres were fabricated when we
increased the ratio of the H.O to 60% and almost 85%
microspheres were among 20-50 um. Although the size of
the microspheres became bigger with the continuous
increase of the H,O in the medium, there were some non-
spherical particles generated. In addition, the size

distribution also became bigger and bigger with the
increase of the H,0.
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Fig. 1. The micrograph and the size distribution of the microspheres
fabricated by using different volume ratio of ethanol and H,0: (a, €)
45/5; (b, f) 30/20; (c, g) 20/30; (d, h) 10/40.
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Fig. 2. The infrared spectrum graph of the PS and carboxylated PS
microspheres.
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Fig. 2 shows the infrared spectrogram of PS and
carboxylated PS microspheres. The absorption peak at
1452 cm?, 1490 cm?, and 1599 cm represent the
stretching vibration of the C=C in the benzene ring, peaks
at 3026 cm?, 3056 cm?, and 3082 cm™ point to the
stretching vibration of the =C-H in the benzene ring. All
of these peaks illustrated the major structure of the PS.
Compared with PS, carboxylated PS particles has strong
peaks at 1704 cm?® which stands for the stretching
vibration of the C=0 in the monomer acrylic acid (AA).
Furthermore, the content of the carboxyl in microspheres
by calculated was around 11% based on the baseline
quantitative analysis.

Based on these results, we proposed the principle of
the polymerization used in this research can be explained
by the mechanism between dispersion and suspension
polymerization. Fig. 3 showed the theory of the
polymerization we suggested. Because of the shear force
from the stirring process, the monomers were dispersed
into many small droplets, each droplet was one reaction
unit which would generate the polymer microspheres. This
unit contained the homogenous mixture of the monomer
and the medium for dispersion polymerization, so the
monomer content of each droplets is less than the
suspension polymerization, this would lead to the smaller
particles. Therefore, adjust the solubility of the monomer
in the mixed medium could acquire the tens-micron-sized
polymer particles between the suspension and dispersion
polymerization.
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Fig. 3. Schematic representation of the synthesis of the carboxylated PS
microspheres by different polymerization technology.

Conclusion

We confirmed a method to obtain the tens-micron-sized
carboxylated PS microspheres by using mixed dispersion
medium of ethanol and H,O. When the ratio of the ethanol
to H.O reached 20/30, 85% particles of the products were
between 20-50 um.

Our research proposed the theory of the
polymerization which was used to fabricate tens-micron-
sized carboxylated PS microspheres. The essential of this
theory is the control of the solubility of the monomer in
the mixed medium. Actually this technology also can be
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used to synthesize different functionalized polymer
microspheres, such as the chloromethylated PS
microspheres what we have prepared.

As the results showed, the size distribution of the
particles was broader with the principle close to the
suspension polymerization. Actually, this was also caused
by the different monomer contents in each droplets. It is
necessary for the full assessment of the theory to check the
relation of the monomer solubility with the size and the
size distribution.
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