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INTRODUCTION

Nanoparticles are defined as submicron-size solid between
100 to 500 nm that can be either biodegradable or non-bio-
degradable [1]. Nanoparticles can be constructed from various
materials (e.g. polymers, lipids, metals, magnetic) and widely
utilized in various industrial application like optical [2], catalyst
[3], thermal [4], electrical [5], mechanical [6] and magnetic
function [7]. In particular, polymeric nanoparticles have received
great attention on account of their versatility in which they can
host a wide range of active components including chemothera-
peutics, contrast agents, proteins and nucleic acids, for various
bio-medical applications [8].

The criteria for the ideal polymeric nanoparticles espe-
cially in the development of biomedical fields should be easy
to synthesize, inexpensive, biocompatible and biodegradable,
non-toxic and water soluble [9]. Hydrophilic polymer nano-
particles are the type of polymer chain that contains substitution
of hydrophilic groups at the backbone either from anionic,
cationic or amphoteric. This type of polymer can be divided
into two main types, synthetic and natural. Nowadays, synthetic
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hydrophilic polymer nanoparticles become attractive alter-
natives for biomedical applications especially in the novel drug
delivery system because of their solubility in water and low
intrinsic toxicity of polymer nanoparticles. Moreover, it can
also enhance the physical and chemical stability of drugs and
can prevent the aggregation of the drugs [10]. Amongst nume-
rous types of synthetic hydrophilic polymer nanoparticles,
poly(methacrylic acid) (PMAA) is attracted high interest in
biomedical applications due to its biodegradability and bio-
compatibility. The carboxyl groups in PMAA provide binding
sites for cationic anticancer drugs such as doxorubicin [11].
In the previous study, we have successfully synthesized PMAA
nanoparticles via emulsion polymerization technique utilizing
anionic type of surfactant at different concentrations [12].
Emulsion polymerization is one of the various polymeri-
zation methods that can be employed to produce high mole-
cular weight synthetic polymer nanoparticles with no or negli-
gible volatile organic compounds. The main components
involved in emulsion polymerization are monomer, surfactant
and initiator which composed in aqueous medium in the pre-
sence of heat, pressure or catalysis that can change the chemical
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bonds and resulting them to crosslink with one another [13].
The polymerization is performed in the inner site of micelle
and the final products of emulsion polymerization are colloi-
dally and thermodynamically stable polymer latexes.

Surfactant or surface active agent is vital component in
emulsion polymerization. Selection of correct surfactant is
important in the development emulsion polymerization
process. Surfactant can lead a fast rate polymerization, minimize
coagulum or fouling in the reactor, prevent an unacceptably
high viscosity during polymerization that can cause poor heat
transfer and can also maintain or improve properties of final
product [13]. The nature and amount of the surfactant used in
the formulation completely can affect the size distribution,
structure and stability of resulting emulsions and nanoparticles
[14]. There are several types of surfactant such as anionic,
cationic, non-ionic, gemini and zwitterionic surfactant [15].
Cationic surfactant is a type of surfactant with positive charge
and, generally it is not really favouable due to high cost in
comparison to anionic surfactant. Even though, cationic surfac-
tant is not excellent foaming agent like anionic surfactant but
they can exhibit positive charge that allow them to absorb nega-
tively charged particles. Sarac et al. [16] have developed emul-
sion polymerization of vinyl acetate in the presence of a new
cationic polymer surfactant. The effect of new cationic poly-
meric surfactant and two thermal initiators on the physio-
chemical properties of a semi-continuous cationic emulsion
polymerization of vinyl acetate have been studied.

In previous work, we have successfully investigated the
effects of different types of non-ionic surfactants towards the
formation PMAA nanoparticles prepared via emulsion
polymerization technique [17]. In this work we describe a
synthetic route to prepare PMAA nanoparticles by using
different types of cationic surfactants, namely, cetyltrimethyl-
ammonium bromide (CTAB), tetradecyl trimethylammonium
bromide (TTAB) and cetylpyridinium chloride (CPC). It is
worth to be noted that, the main difference between CTAB
and TTAB is their hydrocarbon chain length where CTAB has
longer chain length (16 carbon chains) in comparison to TTAB
that only have 14 carbons chains. Meanwhile, CPC has 16
carbon chains and classified as cationic quaternary ammonium.

EXPERIMENTAL

Methacrylic acid (MMA) monomer, cationic surfactants
of cetyltrimethylammonium bromide (CTAB), tetradecyl

trimethylammonium bromide (TTAB) and cetylpyridinium
chloride (CPC) and water soluble initiator, potassium persulfate
(KPS) were purchased from Sigma Aldrich and used as received
without further purification. Distilled water was used through-
out the experiment.

General procedure of emulsion polymerization of
PMAA nanoparticles: The emulsion polymerization of PMAA
nanoparticles was performed in 250 mL two neck-round bottom
flask equipped with a reflux condenser, magnetic stirrer and
thermometer. MMA monomer (5 mL), distilled water (90 mL)
and different concentration of cationic surfactants (below,
equivalent and above CMC) (Table-1) were added into the
round bottom flask.

Polymerization was carried out using three different types
of surfactants, TTAB, CTAB and CPC. The reaction mixture
was purged with nitrogen for 10-15 min to remove any dissolve
oxygen [18]. The emulsion mixture was heated to 70 °C and
aqueous solution of potassium persulfate was added to initiate
polymerization and the reaction was continued to complete
for 3 h. The resulting emulsion was cooled down at room
temperature and the remaining solvent was removed by rotary
evaporator.

Fourier transform infrared spectroscopy (FTIR): FTIR
spectroscopy was determined using Perkin Elmer Spectrum
100 with sampling range of 4000-800 cm™ and 16 times of
scan number. The polymer samples were prepared using KBR
disk (3 % of KBR) and FTIR spectra were measured on a
Nicolet 520 FTIR Spectrophotometer.

Scanning electron microscopy (SEM): The polymer
nanoparticles samples were mounted on SEM holder and coated
with gold by Auto Fine Coater (JEOL) to prevent accumu-
lation of electrostatic charge on the surface of the samples.
The morphology of polymer nanoparticles was observed by
SEM (JEOL, JSM6360LA) at 10-15kV accelerating voltage.

Thermogravimetry analyzer (TGA): The dynamic
weight loss tests were conducted on a TA Instruments 2050
thermogravimetric analyzer. All tests were conducted in an
N; purged (25 mL/min) using sample weights of 5-10 mg over
a temperature range 20-600 °C with scan rate of 10 °C/min.

Dynamic light scattering (DLS): Dynamic light scattering
(DLS) technique was used to determine the particles size of
PMAA nanoparticles. The characterization was performed by
DLS measurement using a Malvern Zetasizer instrument at
25 + 0.1 °C and a scattering angle of 173° (backscatter detec-
tion). Polymer nanoparticles sample (5 mg) was dissolved in

TABLE-1
FORMULATIONS OF EMULSION POLYMERIZATION OF PMAA NANOPARTICLES USING
DIFFERENT TYPES OF CATIONIC SURFACTANTS PREPARED AT VARIOUS CONCENTRATIONS

Composition
Polymer samples MAA monomer (mL) Cationic surfactants Surf(islt)ailltzgzrzlcofirllg?tlon Distilled water (mL) pg(;:ﬁ;;gr?g)
PMAA 51 0.70 (below CMC)
PMAA 45 2 5.00 CTAB 0.95 (at CMC) 90 0.12
PMAA 145 3 1.5 (above CMC)
PMAA 1451 2.50 (below CMC)
PMAA 145 2 5.00 TTAB 3.50 (at CMC) 90 0.12
PMAA 1 3 4.50 (above CMC)
PMAApc_ 1 0.70 (below CMC)
PMAA pc 2 5.00 CPC 0.90 (at CMC) 90 0.12

PMAA 3

1.10 (above CMC)
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10 mL distilled water. Then, the sample solution was placed
in glass cuvette and measurements were performed 5 times.

RESULTS AND DISCUSSION

Synthesis of PMAA nanoparticles via emulsion poly-
merizations: PMAA nanoparticles were successfully obtained
via emulsion polymerization technique utilizing different types
of cationic surfactants; CTA, TTAB and CPC at different con-
centrations of below, equivalent and above critical micelles
concentration (CMC). The polymerization was initiated by
aqueous KPS solution and water was used as dispersion
medium. Emulsion polymerization of MMA monomer in the
presence of cationic surfactants shows that the emulsion
dispersion obtained as translucent clear solution and not in a
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milky conventional emulsion dispersion. This observation is
different from the emulsion polymerization of PMAA nano-
particles prepared using anionic and non-ionic types surfac-
tants [12,17].

Physical appearances of PMAA nanoparticles: Accor-
ding to the physical appearances of PMAA nanoparticles obtained
from emulsion polymerization of MAA monomers comprising
various types of cationic surfactants (CTAB, TTAB and CPC)
at different concentrations (below, equivalent and above CMC),
it was observed that all PMAA nanoparticles samples were
produced in the form of hydrogel (Fig. 1). Ahmed [19] has
reported in the previous study that hydrogels are normally
obtained from polar monomer like MAA monomers prepared
via emulsion polymerization method.

Fig. 1. PMAA nanoparticles samples of a) PMAAcras_1b) PMAAcnae_2 ¢) PMAAcnae_3 d) PMAAre_1¢) PMAArne_2 ) PMAAap_3
2) PMAAcrc_1 h) PMAAcpc_2 and i) PMAA cpc_3 obtained using different types of surfactants and concentrations
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Fourier transform infrared spectroscopy (FTIR): Fig.
2 represents the IR spectra of PMAA nanoparticles obtained
by using different types of cationic surfactant at different
concentration (below, equivalent and above CMC). The broad
peak (Fig. 2) in the range of 3400-3200 cm™ is due to the
existence of hydroxyl group (O-H) in PMAA nanoparticles.
The IR bands in region of 3000-2800 cm™ is belong to the
characteristic of C-H stretching. The strong peak observed at
1700-1600 cm™ is corresponding to the C=0 extension vibra-
tion, while in the range of 1300-1000 cm™, the formation of
C-O was observed. The IR spectra from Fig. 2 were confirmed
the formation of PMAA nanoparticles prepared via emulsion
polymerization technique and this observation was correlated
with the similar pattern of IR spectra of PMAA nanoparticles
that has been performed from the previous study [20]. Gene-
rally, by using different types of surfactant to synthesize PMAA
nanoparticles, it shows that no significant effect to the forma-
tion of PMAA nanoparticles.

Thermogravimetric analysis (TGA): Thermogravimetric
analysis is used to determine selected characteristics of materials
that exhibit either mass loss or gain due to decomposition, oxi-
dation, or loss of volatiles (such as moisture). It is also thermal
analysis in which changes in physical and chemical properties
of materials are measured as a function of increasing temperature.
Fig. 3 shows the comparison of the percentage of weight loss
corresponding to temperature changes by using different type of
cationic surfactants at different concentrations.

The comparison of the weight loss of PMAA nanoparticles
prepared using three different types of surfactants, CTAB,
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Flg 2. FTIR spectra of PMAACTAB_I, PMAATTAB_Z and PMAAcpc_3

TTAB and CPC at different concentrations were depicted in
Fig. 3a-c. Based on TGA curves in Fig. 3a, there are two distinct
stages of weight loss. The initial weight loss is in a range of
100-144 °C which perhaps on account of the present of moisture
trace while the second weight loss is happened between 400
°C-420 °C which due to the onset degradation of polymer.
PMAA ciae_2 needed higher energy and weight loss (144 °C,
56 %) to degrade than PMAAcms_1 (131 °C, 54 %) and
PMAAcme_3 (118 °C, 49 %). In the second decomposition
stage, the temperature and weight loss of PMAAcme_1,
PMAA crag_2 and PMAA c1ap_3 were 405 °C (35 %), 409 °C
(37 %) and 406 °C (22 %), respectively. The thermal decompo-
sition of PMAA cag_2 with respect to temperature was more
thermally stable than PMAAcmas_1 and PMAAcmag_3.
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Fig. 3. TGA curves for PMAA nanoparticles synthesized using different types of non-ionic surfactants of (a) CTAB (b) TTAB and (c) CPC

at different concentrations
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PMAA nanoparticles that prepared using TTAB as cationic
surfactants at different concentrations (Fig. 3b) show that there
are also two main zones of PMAA degradation within tempera-
ture rate at 142—150 °C and 406-408 °C. It is worth to mention that,
the weight loss of PMAA rrag_1 (48 %, 142 °C), PMA A r1ag_2
(53 %, 150 °C) and PMAAr1ap_3 (45 %, 142 °C) at initial
temperature is may cause by releasing of bounded molecule
of water [21]. Based on TGA curve (Fig. 3b) it indicates that
the temperature for PMAArsp_2 (419 °C, 65 %) to degrade
is higher at second stage degradation than PMAArras_1 (407
°C, 30 %) and PMAAmae_3 (408 °C, 40 %) as it required
more greater energy to degrade. This observation proves that
PMAA nanoparticles prepared using surfactants concentration
at CMC is more thermally stable than preparation of PMAA
nanoparticles by using surfactants concentration at below and
above CMC.

Fig. 3c also shows that there are two significant weight
loss regions (within 145-146 °C and 403-413 °C) for PMAA
nanoparticles prepared using CPC as cationic surfactants at
different concentrations. It can be seen that the percentage
weight loss of PMAAcpc_2 (58 %) started at higher initial
temperature (146 °C) than PMAAcpc_1 (44 %) and
PMAAcec_3 (20 %) (140 °C and 110 °C, respectively). At
second stage, the residual weight of PMAAcpc_2 onset
temperature (415 °C) is 41 % which have greater percentage
of weight loss and resulting PMAAcpc_2 is thermally more
stable compared to PMAA cpc_1 (29 %) and PMAAcpc_3 (13
%) (403 °C and 412 °C, resepectively). From overall TGA
data for PMAA nanoparticles prepared utilizing three types
of surfactants (CTAB, TTAB and CPC), it can be concluded
that the thermal stability of PMAA nanoparticles was improved
with addition of the surfactants at CMC as the results obtained
reflect the miscibility and hydrogen bonding interaction
between the polymer component.

The multistages TGA curves which show comparison bet-
ween three samples of greatest thermal stability among diffe-

rent surfactants of CTAB (PMAAcas_2), TTAB (PMAAap_2)
and CPC (PMAA pc_2) was illustrate in Fig. 3d. It was found
that, all PMAA samples that employed good thermal stability
were prepared by using concentration of surfactants at equiva-
lent CMC. However, the sample that achieved the best thermal
stability is obtained from PMAArs_2 because it required
higher temperature (419 °C, 65 %) to degrade compared to
PMAAcmas_2 (409 °C, 37 %) and PMAAcpc_2 (415 °C, 41 %).
Thus, PMAA nanoparticles that synthesized using TTAB as
cationic surfactant and prepared at CMC show better thermal
stability in comparison to other types surfactants.

Scanning electron microscopy: The selected PMAA
nanoparticles were further observed using scanning electron
microscopy to measure their morphology and average particle
sizes. The morphology of PMAA nanoparticles was not clearly
be seen under SEM analysis on account of the limitation of
SEM to observe materials at nanosized and the nature of
polymer itself which cannot withstand higher temperature.
However, from Fig. 4 it was clearly showed that PMAA nano-
particles, which prepared using different types of cationic
surfactant at equivalent CMC (Fig. 4b, d and e) attained as
spherical-like shape with homogenous distribution. PMAA
nanoparticles synthesized using CPC at equivalent CMC (Fig.
4e) show the existence of smaller particle size with agglo-
meration indicating that emulsion polymerization of PMAA
utilizing CPC as surfactant needs higher concentration, which
exceed CMC to achieve homogenous distribution of particles.

In contrast, large aggregation of PMAA nanoparticles
were obtained from PMAA cap_1 (Fig. 4a) and PMAA1a5_1
(Fig. 4c) which prepared using CTAB and TTAB at surfactant
below CMC. This observation shows that the concentration
of surfactants could affect the structure and distributions of
PMAA nanoparticles. Particle sizes of PMAA nanoparticles
were also measured from SEM characterization by randomly
measure the average particle size of each particle obtained
from SEM images. The average particle sizes of PMAA nano-

Flg 4. SEM images of (a) PMAACTAB_I (b) PMAACTAB_2 (C) PMAATTAB_I (d) PMAATTAB_2 (e) PMAAcpc_2 and (f) PMAAcpc_3
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particles also affected by using different types of cationic surfac-
tant at different concentrations, where PMAA nanoparticles
prepared at surfactants concentration of equivalent and above
CMC, PMAAcmap_2 (460 nm), PMAArs5_2 (405 nm),
PMAAcpc_2 (442 nm) and PMAAcpc_3 (470 nm) showed
smaller particle sizes. Meanwhile, PMAAcme_1 and
PMAA 1.5_1, which obtained at surfactant concentrations of
below CMC give larger particle sizes of 542 nm and 590 nm,
respectively.

Fig. 5 showed the particle size distribution of PMAA r1ap_2
obtained from dynamic light scattering (DLS). The measure-
ment was performed after the polymerizations were completed.
The particles sizes of PMAArag_2 obtained from DLS was
259 nm and showed narrow distribution (PDI = 0.273). The
particle size of PMAArmgp_2 observed from SEM is larger
than DLS analysis. This observation is expected to happen on
account of the nature of sample preparation for SEM analysis,
which involved the evaluation of solid sample deposited on
the sample holder and drying process of the sample.
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Fig. 5. Particle size distribution for PMAAA rrap_2 measured by DLS

Conclusion

The emulsion polymerization of PMAA nanoparticles has
been successfully conducted using three different types of
cationic surfactants at different concentrations of below, equi-
valent and above CMC. The formation of PMAA nanoparticles
has been confirmed by Fourier transform infrared spectroscopy
and all the PMAA nanoparticles samples obtained from diffe-
rent surfactants showed similar absorption spectra. Thermo-
gravimetry analysis data shows that PMAA prepared at CMC
of different cationic surfactants give better thermal stability
of PMAA nanoparticles. Scanning electron microscopy showed
the irregular structure of PMAA nanoparticles with average
particles size in a range of 400-600 nm. It was found that the
different types and concentration of surfactants can effect the
thermal stability and morphology of PMAA nanoparticles,
where PMAA rrag_2 prepared using TTAB as cationic surfac-
tant with surfactant concentration at equivalent CMC employs
the best thermal stability and homogenous distribution of
PMAA nanoparticles.
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