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ABSTRACT: This study is focused on the formation of hydroxyapatite (HA) nanoparticles in an
inverse microemulsion processing route, in which cyclohexane is used as the organic phase,
cetyltrimethylammonium bromide as surfactant phase, n-pentanol as surfactant, and a solution of
Ca(NO,), and (NH,),HPO, is used as the queous phase. The influence of polyelectrolyte sodium salt
of poly acrylic acid (PAA) and a reactant concentration on the final structure of HA nanoparticles were
investigated. A wide variety of morphologies were encountered in synthesis which produced rod-like
particles (10-15 nm in diameter and 40-50 nm in length), nanosphere particles (5-15 nm in diameter),
and needle-like particles (20-30 nm in diameter and 100-200 nm in length). A great structural diversity
resulted in the presence of PAA and by reactant concentration alteration. Finally, the synthesized
nanoparticles were visualized by transmission electron microscopy (TEM) and identified by FT-IR and

X-ray.
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INTRODUCTION

Hydroxyapatite [HA, Ca, (PO,)(OH)2] is a principal
inorganic constituent of bones and teeth. Synthetic
HA has excellent biocompatibility and bioactivity.
Therefore, it is useful in the reconstruction of dam-
aged bone or tooth zones. Hydroxyapatite can also be
applied in industrial and technological fields such as
water purification, fertilizers production, drug deliv-
ery and non-viral gene delivery [1-9]. The function of
HA is largely influenced by its morphology, crystal-
linity, and crystal size distribution. Various synthetic
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methods, including co-precipitation, hydrothermal
reactions, sol-gel synthesis, the pyrolysis of aerosols,
and, recently, the microemulsion method, have been
used for the preparation of HA nanoparticles. Among
these methods microemulsion is one of the most flex-
ible and convenient method and it is able to produce a
particle size and morphology in the nano meter scale
with minimum agglomeration [10-13]. Microemulsion
is defined as the thermodynamically stable, optically
clear isotropic dispersions of two immiscible liquids
consisting of nano-sized droplets of one liquid in an-
other. In microemulsion, the system is stabilized by a
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surfactant [14]. Nanoparticle synthesis with the mi-
croemulsion method has been a new research topic
since the early 1980s. Morphology control and size
distribution is the most challenging dilemma in this
synthesizing procedure. It has been found that reactant
concentrations show a considerable influence on the
final particle-size distribution. First, the particle size
increases with a reactant concentration for a flexible
surfactant film. Second, the particle size decreases as a
function of the reactant excess [10]. This phenomenon
is explained assuming that the reactant excess implies
a faster nucleation that results in smaller particles [15,
16]. Recently, it has vastly been reported that water-
soluble polymers (polyelectrolytes) can be incorporat-
ed into inverse microemulsion droplets [17, 18]. On
the other hand, polyelectrolytes can control the size
and the shape of the nanoparticles during the forma-
tion process. Therefore, polyelectrolyte-modified mi-
croemulsion can be used successfully as a new type
of template for the synthesis of nanoparticles with
controlled size, shape, and morphology. This paper is
focused on investigating change in the morphology of
synthesized HA nanoparticles with a reactant concen-
tration and the presence of PAA.

EXPERIMENTAL

Ca (NO,),.4H,0, (NH,),HPO,, NH,OH, cyclohexane,
n-pentanol, cetyltrimethylammonium bromide, CTAB
with 99% purity, and PAA, were purchased from Mer-
ck and Fluka. All of the chemicals were prepared with
an analytical reagent grade and were used without fur-
ther purification. All prepared sample solutions had a
Ca/P molar ratio equal to 1.67 (the stoichiometric ra-
tio of HA). Na-polyacrylate was used as a commercial
product with a low molar mass (MW= 8000 g/mol).

Synthesis route A

HA nanoparticles were prepared in different concen-
tration of reactants (0.5 and 1M of Ca (NO,),.4H,0,
0.3 and 0.6M of (NH,), HPO,). After preparing of 0.1M
solution of CTAB in 60 ml cyclohexane and 1.6 ml n-
pentanol, 1 ml aqueous solution of Ca (NO,),.4H,0
was injected slowly into the CTAB solution. A trans-
parent solution was obtained upon stirring of the sys-
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tem for about 15 min. For formation of HA precursors,
under stirring, 1ml aqueous solution of (NH,),HPO,
was directly added to the above-mentioned CTAB re-
verse microemulsion. Then, a small amount of ammo-
nia was added to the system to adjust pH in the range
of 9-10. Transparent solution was gained with stirring
the system for about 30 min, then age with continu-
ous stirring at room temperature for one day. Finally, a
small amount of ethanol was added into the transpar-
ent solution to afford the production of white slurry,
which was centrifuged to collect the white colloidal
HA. The precipitates were rinse with ethanol for three
times and dried at 50°C for 24h. Dried products were
characterized by XRD (Philips expert pro. with Cu Ka
radiation (A=0.154 nm)), Transmission electron mi-
croscope (TEM; Philips), and Fourier-transform infra-
red spectroscopy (FT-IR; Thermo Nicolet Nexus 870).

Synthesis Route B

Route B was carried out similar to route A, but instead
of using Iml of 1M Ca(NO,),.4H,0 aqueous solution,
Iml of IM Ca (NO,),.4H,0 in 4% (w/v) of polymer-
ic aqueous solution (PAA) was used to prepare HA
nanoparticles. This route was carried out only for one
concentration of reactants (1M of Ca (NO,),.4H,0 and
0.6 M of (NH,),HPO,).

RESULTS AND DISCUSSION

In this study, the influence of two variables, including
the presence of polyelectrolyte, PAA, and the concen-
tration of reactants, on morphology of the synthesized
HA nanoparticles were investigated. With increasing
the reactants concentrations, the morphology of the
synthesized HA nanoparticles is changed from rod-
like to spherical like shapes and the particle size de-
creases. Smaller particle size suggests particle growth
commencing on a larger number of nuclei. Polyelec-
trolyte-modified microemulsions seem to be very
interesting template phases for the nanoparticles for-
mation due to the special features of the incorporated
polyelectrolyte, including polyelectrolyte-surfactant
interactions, polyelectrolyte-nanoparticle interactions
[13]. In this study, presence of PAA changes the mor-
phology of HA from spherical particles to needle-like
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Fig. 1. FT-IR spectra of synthesized HA nanoparticles for
different molar of [Ca?']; a: 0.5M, b: 1M, and c¢: 1M and in the
presence of PAA.

shapes and increases the particle size of HA nanopar-
ticles. Fig. 1 shows the effect of two various reactant
concentrations and presence of polyelectrolyte on the
FT-IR spectrum of synthesized HA nanoparticles. In
all spectra, the IR characteristic peaks of phosphate
groups appears between 1030-1090 and 560-600 cm'!
and the absorption bands at 3420 and 1640 cm™ are
assigned to the bending mode of the adsorbed water,
while the sharp peak at 3570 cm™ is assigned to the
stretching vibration of the lattice OH™ ions. A medium
sharp peak at 630 cm™ is assigned to the OH™ group of
HA. The weak bands of the CO_* group (870, 1415,
1450, and 1540 cm™) indicated that the CO,* substitut-
ing came from a reaction between atmospheric carbon
dioxide and high-solution pH (>9) [15]. According to
the Fig. 1c, there is an increase in the intensity of the
absorption bands of OH™ and CO,* in the presence of
Na-Polyacrylate [20-22].

Fig. 2 exhibits the XRD patterns of the produced
particles in the microemulsion media in presence of
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Fig. 2. XRD patterns of synthesized HA nanoparticles for

different molar of [Ca?*]; a: 0.5M, b: 1M, and c: 1M and in the
presence of PAA.

PAA and by the variation of the involved reactant con-
centrations. Using low temperature may cause poor
crystalline nature of the prepared HA. The crystallin-
ity of the HA powders synthesized via reverse micro-
emulsion is better than those synthesized via polyelec-
trolyte-modified microemulsion because the peaks of
HA/PAA composite in comparison to the pure HA are
broader [23]. No marked different results are gained
for various shapes of synthesized HA nanoparticles in
diverse reactant concentrations. The XRD and FT-IR
proved that the synthesized crystals were HA.

Fig. 3 shows the morphology of HA particles pre-
pared in the microemulsion system in various con-
centration of aqueous solutions and in the presence
of PAA. HA particles are in the form of a rod-like
(Fig. 3a), spherical particle (Fig. 3b), and needle-like
(Fig. 3c). As the reactant concentrations increase the
morphology of nanoparticles shifts from rod-like to
sphere-like shapes. It has been observed that the size
of rod-like nanoparticles decreases from 10-15 nm in

Fig. 3. TEM micrographs of synthesized HA nanoparticles for different molar of [Ca?']; a: 0.5M, b: 1M, and c¢: 1M and in the

presence of PAA.
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diameter to 5-15 nm in diameter for nanosphere.

In the presence of PAA and with constant reac-
tant concentrations ([Ca*"]= 1M, [PO,*]= 0.6M), the
particle size increases from 5-15 nm in diameter for
sphere-like shapes to 20-30 nm in diameter and 100-
200 nm in length for needle-like shape. Indeed, the
morphology of nanoparticles shifts from spherical to
needle-like shapes. As mentioned above, reverse mi-
celle could form different morphology in microemul-
sion depending on reactant concentration and pres-
ence of polyeletrolytes [23].

CONCLUSION

Microemulsions act as the template to control the
morphology of nanomaterials. According to the above
mentioned experimental results, it could be clearly
shown that the size and the morphology of the HA
nanoparticles are dependent upon the reactant con-
centration and presence of PAA. With relatively high
reactant concentration, spherical HA or ellipsoidal
nanoparticles are predominantly gained. In the pres-
ence of PAA, HA nanoparticles with needle like shape
could be obtained [17]. However, with lower reactant
concentration, rod-like HA nanoparticles could be
successfully synthesized. In general, by controlling
reactant concentration, we could control the particle
size. In the microemulsion system, changing the con-
ditions of the preparation can affect the properties of
the products.
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