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Abstract Poly(n-octadecyl methacrylate-co-2-hydroxyethyl methacrylate) [poly
(OMA-co-HEMA)] block copolymers were synthesized by free radical polymer-
ization from n-octadecyl methacrylate (OMA) and 2-hydroxyethyl methacrylate
(HEMA) and these copolymers have been assessed as stabilizer in the preparation of
polycaprolactone (PCL) microspheres using non-aqueous dispersion polymeriza-
tion. The copolymer poly(OMA-co-HEMA) has been used as in situ stabilizer in the
preparation of PCL microspheres at 80 °C. Spherical PCL microspheres are found
to be well dispersed and uniform in size which demonstrated the efficient of OMA:
HEMA copolymer as replacement of preformed stabilizer in synthesis of PCL
microspheres. The factors affecting in the preparation of PCL microspheres such as
polymer molecular weights and molecular weight distribution, particle size and
distribution and morphology were studied. The synthesized poly(OMA-co-HEMA)
copolymer used as in situ stabilizer is characterized by FT-IR, NMR, XRD and GPC
techniques. The morphology and particle sizes of the prepared microspheres are
observed by field emission scanning electron microscope.

Keywords Biodegradable polymer - Block copolymer - Dispersions - Drug delivery
systems - Microspheres - Morphology - Ring-opening polymerization

Introduction

In the last two decades, it has been seen that the importance and interest is
significantly increased for a paradigm shift from biostable to biodegradable
biomaterials for medical and related applications. A spectacular advance in new
polyester materials and the development of therapeutic devices for tissue
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engineering and drug delivery systems has been promoted [1]. Tissue engineering
has gained increasing attention because of its significant medical applications in
restoring, maintaining or improving functions for injured tissues or organs. In
general, the formulations for a drug-delivery system are based on the polymer
microparticles, scaffolds, implants and fibres. Biodegradable polymeric micro-
spheres have been developed now a days for the application in tissue engineering
like bone or skin grafting and drug delivery system specially for the curing of a
targeted organ that needs special dosages without harming the other parts of the
body such as tumour, cancer etc., [2—4]. Non toxic polymer microspheres with
uniform size, porosity and controllable degradability added a new dimension for the
innovation of novel biodegradable polymeric microsphere systems that fulfill all
these criteria. The formation of stable microparticles is necessary both in drug
delivery application as it regulates the therapeutic effects, biological activity of the
microencapsulated drug, drug release rate and most importantly the degradation
time. Biodegradable polymers such as polylactide (PLA), polycaprolactone (PCL),
polyglycolide (PLGA) etc., show good biocompatibility and biodegradability [5-7].
These polymers as matrix material of microparticles can be decomposed to non
toxic and low molecular weight species and later on metabolized and absorbed by
the body. Among them polycaprolactone (PCL) is one of the widely used
biodegradable polymers due to its good drug permeability and biocompatibility.
Several techniques are used to produce polymeric microparticles from polyesters,
including solvent evaporation, phase separation and spray drying techniques [8—12].
The drawbacks of these techniques are the multi-step preparation processes and
cannot provide the necessary narrow size distribution of biocompatible particles,
resulted with a wide range of polymer particles. Non-aqueous polymerization
processes such as dispersion polymerization in organic media has been developed in
the synthesis of colloidal polymer microparticles. In this process, the polymerization
is carried out in a medium that dissolves the monomer but not the polymer and the
polymerization proceeds in the reaction medium until a critical molecular weight for
the solubility of the polymer chain, and then the precipitated primary particles are
stabilized by a polymeric stabilizer [13]. In a typical non-aqueous polymerization
monomer, initiator and stabilizer being solubilized in an organic solvent and this
type of polymerization can therefore be considered as a precipitation polymerization
in which the aggregation of the disperse particles is prevented and the particle size is
controlled by the presence of a steric stabilizer [14]. The most important features of
an efficient stabilizer for synthesis of polymer particles in non-aqueous polymer-
ization are a non-polar liquid soluble component capable of steric stabilization of
the particles and an anchoring component compatible with the particle [14]. The
choice of stabilizer should be such that it is biologically compatible or the low
adsorption of the stabilizer to the microparticles formed. Therefore, the study on the
well stabilized polymer microspheres formation is now attracted much attention to
the chemists [15-18]. A number of materials either preformed or prepared in situ
have been employed as stabilizers [19] and many were commercially available
materials such as poly(vinylpyrrolidone) [20], poly(vinylalcohol) [21], polystyrene-
block-(ethylene-co-propylene) [22] and methacryloxypropyl-terminated poly-
dimethylsiloxane [23]. Relatively few polymers have been designed for the specific
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application as dispersion polymerization stabilizers such as polystyrene-b-polybu-
tadiene [24].

Block or graft copolymers due to their unique amphiphilic properties in solution,
act as efficient emulsifiers and stabilizers for a wide range of emulsion types
including oil-in-oil emulsion [25]. These copolymers are efficient emulsifiers for
stabilizing emulsions composed of two immiscible organic liquids, when each of
them is a selective solvent of one of the blocks of the copolymer in the preparation
of microspheres and nanospheres. [26-33]. The recent publications of Klapper et al.
[34] provide clear evidence that block copolymer stabilized oil-in-oil emulsions can
be considered as microreactors or nanoreactors for the polymerization of a wide
range of water-sensitive monomer and catalyst systems. Paveer et al. [35] reported
that the graft copolymers of variable ratio were found to show favourable low
toxicity and could be electrospun when blended with PCL into very well defined
nanofibres for potential tissue engineering applications. Phthaloyl protected
Chitosan (CS) was esterified with maleic ester functionalized mPEG-b-PCL to
give the graft block copolymer CS-g-(mPEG-b-PCL) with variable compositions
was reported by Lu et al. [36] The use of polymeric stabilizer were reported by
Slomkowski et al. [37] and Muranaka et al. [38] in the synthesis of poly(p,L-lactide)
(PDLLA) and poly(r,L-lactide) (PLLA) microspheres with narrow size distribution
by dispersion polymerization method in an oil-in-oil emulsion system. It describes
the difficulty in the formation of monodisperse particles as the block copolymers
adsorbed on the surface of the primary particles that disturbs the equilibrium state
[38]. Rather it is more beneficial if an in situ graft copolymer stabilizer is produced
during the formation of precursor polymer that contains active sites for the chain
transfer of radicals in the dispersion polymerization. These types of polymeric
stabilizers ignore the formation of micelles in the solution in the initial stage of
polymerization and therefore reduce the chances of adsorption on the primary
particles and increase the room for monodisperse particle formation [38].

A block copolymer as a dispersion stabilizer for use in the ring opening
dispersion polymerization of polyester comprises at least two blocks linked by
chemical valences. At least one of the blocks is hydrophilic and at least another of
the said blocks is hydrophobic. The hydrophobic block can contain a plurality of
similar or dissimilar pendent groups having chemically reactive functionality a well
defined block copolymer is designed and synthesized. Block copolymer systems
studied till now are based on non-degradable backbone structures which result
mostly as a drawback for the long-term clinical applications. Therefore, to combine
both a degradable and a functional segment in one block copolymer is essential for
therapeutic purposes [39].

So, it is important to understand the role of dispersion stabilizer how to control the
particle size and distribution in the formation of polymer particles. In the present work,
a novel polymeric stabilizer is synthesized with a long chain hydrophobic and
hydrophilic acrylate end group to prepare PCL microspheres by dispersion polymer-
ization of g-caprolactone. The present study is aiming to prepare the poly(n-octadecyl
methacrylate-co-2-hydroxyethyl methacrylate) [poly(OMA-co-HEMA)] copolymer
of different molecular weights and then to prepare graft copolymer, poly-(e-
caprolactone)-graft-poly(n-octadecyl methacrylate-co-2-hydroxyethyl methacrylate)
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[poly(OMA-co-HEMA)-g-PCL] by ring opening dispersion polymerization of &-
caprolactone (CL) in the presence of [P(OMA-co-HEMA)] where graft copolymer
will act as in situ stabilizer in the formation of PCL microspheres. The effectiveness of
this in situ stabilizer has been established in the formation of spherical and stable PCL
microspheres against coagulation.

Experimental
Materials

e-Caprolactone (Sigma Aldrich) was purified by treating with NaOH solution and
distilled under vacuum and 2-hydroxyethyl methacrylate (Merck) was purified by
passing through silica column and again distilled under vacuum. n-Octadecyl
methacrylate was prepared in the laboratory by the esterification of methacrylic acid
with n-octadecanol and recrystallize twice with hexane prior to use. Tin(II)2-
ethylhexanoate(Sn(oct),) (Sigma Aldrich), N, N dimethylformamide (DMF) (Mer-
ck), Xylene (Merck), Heptane (Rankem), Tetrahydrofuran (THF) are of HPLC
grade and were used as received. 2, 2/—Azobisisobutyronitrile (AIBN) was
recrystallized from methanol and dried in vacuo.

Synthesis of P(OMA-co-HEMA)

Poly(OMA-co-HEMA) was synthesized according to Scheme 1. A mixture of
monomers (20 % w/v to solvent) OMA (3.6 g) and HEMA (2.4 g) and 30 mL
dehydrated DMF was placed in a round bottom flask fitted with a nitrogen adaptor.
Nitrogen was purged for 15 minutes to remove the oxygen and the flask was heated
up to 70 °C in an oil bath. AIBN (0.6 g) dissolved in DMF was added to initiate the
polymerization with constant stirring. The polymerization was conducted for
5 hours after cooling to the room temperature; the reaction mixture was poured in
cold excess methanol to remove the unreacted monomer. After purification the
obtained polymer was dried in vacuum to get white powdery solid (yield ~70 %).

Preparation of PCL microspheres

Scheme 2 describes the preparation of PCL microspheres by ring opening
polymerization of e-caprolactone (CL) in presence of Sn(oct), catalyst stabilized
by poly(OMA-co-HEMA). e-Caprolactone (3 g, 10 % w/v) was added to 20 mL
solution of poly(OMA-co-HEMA) (0.6 g, 20 % w/w) in xylene/heptane (30 ml, 1:2
v/v) in a round bottom flask with constant stirring at 1000 rpm and nitrogen was
purged for 15 minues to remove air. Sn(oct), (0.06 g, 2 % w/w) was dissolved in
10 mL of xylene/heptane (1:2 v/v) and added to the reaction mixture and the system
was heated up to 80 °C for 4 hours. After the polymerization was completed, the
reaction mixture was cooled and poured in excess heptanes by stirring vigorously.
PCL microspheres were separated from the solution mixture by centrifuge and
washed several times with heptanes and again re-dispersed in heptanes to collect the
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Scheme 1 Synthesis of the copolymer poly(OMA-co-HEMA)

PCL microspheres. The graft copolymer was separated from the solution as solid
precipitate [38].

Characterization

The molecular weights and the polydispersity index (PDI) were measured with a
Waters gel permeation chromatography (GPC) equipment of Waters Model 515
solvent delivery system at a flow rate of 1.0 mL min~' through a combination of
Waters HR1, HR3, and HR4 Styragel columns. The analysis was performed at room
temperature using purified high-performance liquid chromatography (HPLC) grade
THF as the eluent. A Waters differential refractometer Model 2410 was used as the
detector. The sample concentration was 0.2 % (w/v), and the volume injected was
50 pL. The GPC curves were analyzed with the calibration curve obtained by nine
narrow molecular weight distribution polystyrene samples (Waters). Data were
recorded and processed using the Millennium 2.0 software package.

The chemical structure of the synthesized copolymer and graft copolymer was
confirmed with a the "H NMR and '>C NMR spectra that was recorded on a Bruker
300 MHz FT-NMR spectrometer in CDCIl; using tetramethylsilane (TMS) as the
internal reference. IR spectra of the compounds were measured (4000-500 cm_l)
using a Perkin—Elmer IR 883 spectrophotometer. The X-ray diffractogram of the
polymers were recorded on a model JDX-11P3A JEOL diffractometer with a solid
sample using a Ni filter with CuKoo radiation at 35 kV and 10 mA in the wide-
angle range of 2° < 26 < 60°.
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Scheme 2 Preparation of PCL microspheres using poly(OMA-co-HEMA)

Scanning electron microscope (SEM, JSM6360 JEOL) was used to study the
morphology of the PCL particles, particle sizes, and size distributions. The SEM
samples were prepared with a drop of diluted dispersion on an aluminum sample
stub, dried, and then sputter-coated with gold. Particle sizes were calculated from
electron micrographs measuring nearly hundred particles diameter.

Results and discussion

The block copolymers synthesized by free radical copolymerization of OMA and
HEMA using AIBN as initiator is summarized in Table 1. In this study, we are
going to describe the main role of the block copolymer as stabilizer in the
preparation of PCL microparticles. PCL microparticles are needed in the drug-
delivery system to protect the active agent during its transport throughout the body.
For performing this, some of the basic requirements such as ideal shape of the
polymeric particles as distribution of their sizes have to be considered. A stabilizer
helps to preserve the particle suspensions from agglomeration as well as its
chemical nature and concentration controls the size of polymeric particles. To
investigate the effect of the molecular structure of poly(OMA-co-HEMA) on the
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Table 1 Synthesis of PCOMA-co-HEMA) copolymers with different molar ratios of OMA and HEMA in
presence of AIBN as initiator and PCL (Mw = 14,000) as stabilizer

Entry OMA HEMA OMA: HEMA M, M, M,/ Average Polymer
(gm) (gm) (20 % wt of M,  particle size morphology
medium) (um)

1 3.00 3.00 3:3 21,500 46,000 2.13 <1.00 Spherical
particles

2 2.25 3.75 3:5 7500 16,500 2.20 2.46 Spherical
particles

3 2.58 342 3:4 6500 14,100 2.16 6.70 Spherical
particles

4 3.60 2.40 3:2 5800 13,900 2.39 10.80 Spherical
particles

5 4.50 1.50 3:1 4900 12,600 2.57 17.08 Spherical
particles

AIBN = 0.60 gm (10 % w/w of monomers)

% Transmittence

2047 2865

1706

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Fig. 1 FT-IR curves for a poly(OMA-co-HEMA), b PCL and ¢ poly(OMA-co-HEMA)-g-PCL

particle size and size distribution of PCL microspheres, poly(OMA-co-HEMA) of
five different molecular weights were synthesized (Scheme 1). The analytical
results of synthesized copolymers are given in the Table 1. The formation of
copolymer is confirmed by FTIR spectra where the C=C stretching near
1800-1900 cm ™' is absent in the copolymer. The sharp alkane stretching at 2922
and 2852 and 1384 and 1486 cm ™' confirms the long chain hydrophobic end group
in the copolymer (Fig. 1) [40, 41]. The '"H NMR spectra shows the peaks around
4.1 ppm (COOCH, for HEMA unit) and 3.9 ppm (COOCH, for OMA unit) and
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1.9 ppm for -CH, protons of HEMA unit. The peaks around 5.6 and 6.1 for double
bonded CH are absent for both OMA and HEMA units (Fig. 2).

The effect of the stabilizer concentration on the dispersion polymerization was
studied from 5-70 % with respect to monomer CL. Figure 3 illustrates the GPC
traces of the grafted copolymer poly(OMA-co-HEMA)-g-PCL and the original
copolymer poly(OMA-co-HEMA). Under the similar experimental conditions, the
molecular weight of the grafted polymer increases with respect to the parent block
copolymer and this clearly indicates that the grafting of CL occurred through parent
copolymer. The molar ratio of OMA to HEMA in the copolymer chain as well as the
molecular weight of poly(OMA-co-HEMA) are varied to achieve the proper balance
of effective anchor to soluble portion for the use of such copolymers as steric
stabilizers in dispersion polymerization of PCL. The carboxyl groups in polymers
are supposed to be good effective anchors on to the polymer surface in non-aqueous
media, so polymer that contains both the carboxyl group and the long hydrocarbon

¢
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Fig. 2 "H NMR spectra for poly(OMA-co-HEMA) and poly(OMA-co-HEMA)-g-PCL
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Fig. 3 GPC traces of a poly(OMA-co-HEMA) and b poly(OMA-co-HEMA)-g-PCL

chain could be a suitable steric stabilizer in this case. Earlier studies showed that
there are several parameters such as the structure and composition of the steric
stabilizer, the stabilizer concentration, the monomer concentration, the reaction time
and temperature play important effects on dispersion polymerization in non-aqueous
media [42-46].

PCL microsphere preparation

Preliminary research reported herein is to focus on the effect of the block copolymer
and to investigate the efficiency of poly(OMA-co-HEMA) as stabilizer for the
dispersion polymerization of CL. Figure 4 shows SEM micrographs of the PCL
particles prepared in the absence and presence of the poly(OMA-co-HEMA)
stabilizer. For the PCL particles prepared in the absence of poly(OMA-co-HEMA),
particles are found to be agglomerated and in irregular shape (Fig. 4a). However,
addition of poly(OMA-co-HEMA), gave better results where the particles are
spherical, with smooth surface in the particle size range of 2—20 micron (Fig. 4b—f).
This can be explained that the block copolymer which acts as a stabilizer formed a
protective layer around the suspended PCL particles which prevents them to
agglomerate. Therefore, the use of the block copolymer as stabilizer is necessary to
achieve spherical polymer particles as well as the particle morphology. In general,
in dispersion polymerization, all reaction ingredients are dissolved in the medium,
in which particles are generated from the oligomeric species and microspheres
subsequently grown by the adsorption of oligomers and monomers from the
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Fig. 4 SEM photographs of PCL microspheres prepared at different molar ratio of OMA: HEMA
without (a) and with (b—e) of poly(OMA-co-HEMA) for 24 h

medium. The process of dispersion polymerization is separated into two stages,
nucleation and particle growth, the former is short but complex and sensitive,
whereas the latter is relatively long, simple, and robust [47].

The in situ stabilizer plays a critical role in the formation of the PCL
microparticles. So, to investigate the efficiency of poly(OMA-co-HEMA) copoly-
mer as stabilizer for the dispersion polymerizations of CL, the molar ratio of OMA
to HEMA is varied to achieve different molecular weights of the stabilizers
(Table 1). In a typical set up in this study, the starting reaction medium was
homogeneous and the nucleation stage is apparently detected by the observation of
turbidity in the solution over a certain time. Then, the polymerization solution
became turbid after reaching the reaction conditions, indicating the nucleation of
small particles and white latex was seen to be formed after few minutes of the
reaction and remained stable all along the particle growth regime. The particle
number and particle number distribution are determined by the nucleation stage if
no secondary particles or coagulum is formed during the particle growth stage
[46—48]. Figure 4 clearly indicates the morphology of PCL particles prepared with
different molar ratio of the poly(OMA-co-HEMA) stabilizer and in all cases
spherical particles were obtained without any sign of coagulation.

Figure 5 shows that the particle size decreases with the increase of molar ratio
HEMA with respect to OMA. This may be due to the production of a large number
of stabilizing molecules which can induce a large surface area that reduces the
surface energy. This behavior is observed in the conventional dispersion polymer-
ization. Thus, the stabilizing ability of colloids increased with the increase segment
of HEMA in the poly(OMA-co-HEMA) copolymer. It is also found that there is a
significant increase of molecular weight with the increase segment of HEMA in the
poly(OMA-co-HEMA) (Table 1). It could be explained by the fact that the
increasing molecular weight of the polymeric stabilizer while keeping the number of
chains constant in the continuous phase, may induce a reduction of the final particle
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Fig. 5 Effect of OMA:HEMA 20 4
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size. This can be attributed to the fact that longer OMA-co-HEMA chains both
create better barrier against particle aggregation and occupy a larger volume at the
particle surface. Therefore more particle surface area can be stabilized with the
larger polymer stabilizer, resulting in smaller particles. Shen et al. [49] have
attributed the variation of particle size as a function of polymer molecular weight
(MW) to both a faster adsorption of the longer chain stabilizers and an increase in
viscosity of the continuous phase as MW is increased. It is also accepted that the
high solubility of smaller MW stabilizers will slow down adsorption to the particle
surfaces. Indeed, this has driven researchers to develop chemical anchoring
mechanisms for the stabilizers to enable a more controlled process through efficient
particle seed stabilization. All phenomena mentioned above are linked to larger
seeds being formed in the case of the smaller MW stabilizer, which eventually leads
to fewer particles synthesized. The stabilization of the particles depends on the
condition of the initial micelle formation by the stabilizer in the solution and the
formation of primary particle formation. High molecular weight copolymer with
long hydrophobic end groups act as good stabilizing agent and forms a good
emulsion in oil system. The hydrophilic segments of the block copolymers provide
the colloidal stabilization of the polymer particles along with a specific surface
functionality, the hydrophobic segments strongly adsorb or anchor to the polymer—
solvent interface. Thus the relatively long hydrophobic lengths are expected to be
more efficient. Particle size of PCL increased with the decrease in concentration of
HEMA hydrophilic group. At monomer ratio 3:3 the molecular weight was
significantly increased as the rate of the polymerization of HEMA is less than OMA
(Mayo-Lewis equation for copolymerization). POMA being a long chain
hydrophobic molecule better stabilizes the miceller system and the formation of
microspheres. When the ratio of both the monomers was kept equal, the molecular
weight of the block copolymer increases and it results in the formation of stable but
smaller size hydrophobic PCL microspheres. The formation of spherical micro-
spheres having smooth surface is the particle enlargement by mainly chemical
bonding of tiny small particles. It means that the poly(OMA-co-HEMA) block
copolymer studied herein is proved to be an efficient stabilizer at different molar
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ratio of OMA:HEMA. It suggests that the HEMA segments of the stabilizer
favorably interact with the PCL dispersed phase, ensuring physical adsorption of the
block copolymers onto the growing PCL particles, while the pendent group
segments of OMA extends into the solvent phase, preventing the flocculation of the
particles.

The formation of PCL grafted to poly(OMA-co-HEMA) polymer shows the
broadening of the characteristic peaks for aliphatic groups at 2947 and 2865 cm ™' and
splitting of degenerate transmittance peaks for carbonyl groups at 1727 cm ™' for PCL
(Fig. 1). From "HNMR, (Fig. 2) poly(OMA-co-HEMA)-g-PCL polymer formation is
confirmed by the peaks around 3.7 which is attributed to the methylene protons
adjacent to the hydroxyl end group of the grafting PCL chain. Splitting of the
significant peaks in the grafting of PCL to poly(OMA-co-HEMA) has been shown in
the Fig. 2.

The X-ray diffraction patterns of poly(OMA-co-HEMA) and poly(OMA-co-
HEMA)-g-PCL during the dispersion polymerization at room temperature from is
shown in Fig. 6. In the XRD pattern of the copolymer, sharp diffraction peak appear
at 20 = 22° which is consistent with the typical diffraction peak of the copolymer in
the crystalline form. However, in the poly(OMA-co-HEMA)-g-PCL, the sharp
crystalline structure has diminished significantly which resulted that grafting
occurred through PCL to the poly(OMA-co-HEMA).

Steric stabilizer poly(OMA-co-HEMA) formed by the anchoring adsorption of its
graft copolymer poly(OMA-co-HEMA)-g-PCL, acted as a true stabilizer to form
PCL spherical particles against coalescence. The formation of in situ grafting of the

P(OMA-co-HEMA)-g-PCL

s

£

s PCL

=

P(OMA-co-HEMA)
10 20 30 40 50 60
26

Fig. 6 Wide angle X-ray diffraction patterns PCL, poly(OMA-co-HEMA) and poly(OMA-co-HEMA)-
g-PCL
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poly(OMA-co-HEMA)-g-PCL during the dispersion polymerization was confirmed
by FT-IR spectra and it is indeed clear that PCL segment is required to interact with
the precipitated particles in the preparation of stable PCL microspheres. On the
other hand, the rate of anchoring adsorption of the grafted stabilizer on the particle
surface is also important as the particle instability may result in a flocculation due to
the insufficient adsorption in situ graft stabilizer on the particle surface. In general, a
polymeric stabilizer used in the dispersion polymerization is not only physically
adsorbed but also chemically bound by forming a covalent bond with the monomer.
Thus, it cannot be removed from the polymeric particles because of the nucleation
starting on PVP molecules by the abstraction of labile hydrogen [50]. In the TEMPO
mediated dispersion polymerization, the steric stabilizer PVP was reportedly located
not only exclusively on the outside of the PS particles, but also inside the latex
particles [51]. So, it can be concluded that the adsorption of poly(OMA-co-HEMA)-
g-PCL was minimum in the polymerization of CL using poly(OMA-co-HEMA) as a
stabilizer.

Conclusions

e This work demonstrates the efficient synthesis of poly(n-octadecyl methacry-
late-co-2-hydroxyethyl methacrylate) [poly(OMA-co-HEMA)] block copoly-
mers as stabilizer in the preparation of PCL microspheres.

e Steric stabilizer poly(OMA-co-HEMA) formed by the anchoring adsorption of
its graft copolymer poly(OMA-co-HEMA)-g-PCL, acted as a true stabilizer to
form PCL spherical particles against coalescence.

e Scanning electron microscopic images of PCL microspheres are found to be well
dispersed and PCL particle sizes increases with the increase of stabilizer
concentration. The particle stability and size of the microspheres are found to be
depended on the ratio OMA: HEMA copolymer and its molecular weight.

e It is well established that the stabilizing ability of colloids increased with the
increase segment of HEMA in the poly(OMA-co-HEMA) copolymer also the
MWs of the copolymer increases with the increase segment of HEMA in the
poly(OMA-co-HEMA) and particle size decrease. This work provides a
guideline for the synthesis of polymer microparticles with the block or graft
copolymers for their unique amphiphilic properties in solution.
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