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ABSTRACT

Hydroxyapatite (HAP) nanoparticles with uniform morphologies and controllable size have been
synthesized by template directed method. The environment and eco-friendly polysaccharide soluble starch is
used as a template to regulate size and shape of the nanoparticles synthesized. Structural and morphological
properties of as-synthesized hydroxyapatite nanoparticles have been examined through the techniques like
Fourier Transform Infrared Spectroscopy (FT-IR), X-ray Diffraction (XRD) and Scanning Electron
Microscopy(SEM), respectively. The results indicate that the obtained particles are uniform discrete spherical
nanoparticles. The average size of the hydroxyapatite nanoparticles were ranged from 45 to 60 nm.
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1. INTRODUCTION

Hydroxyapatite [Cai10(PO4)6s(OH)2] is the
principal inorganic constituent of bones and teeth
(Dorozhkin et al, 2002). It is widely applied in
biomedical engineering as bone substitutes, bone
cavity filler, bone cement, coating for implant due to
its good biocompatibility, excellent ability to form
chemical bond with living bone tissue (i.e,
bioactivity), and suitable osteoconductivity (Hench
et al, 1998 and Dorozhkin et al.,, 2002). Considering
the copious application of hydroxyapatite in
biomedical field, various synthesis techniques have
been developed. These include mechanochemical
synthesis (Liou et al., 2003), combustion preparation
(Hench et al, 1994), and wet chemistry such as
direct precipitation from aqueous solution (Raman
et al, 2002), sol-gel procedure (Hwang et al., 1999;
Bezzi et al., 2003), and hydrothermal synthesis (Yan
et al., 2001). The size and shape of hydroxyapatite
alter the applicability of this material in various
biomedical fields. In this perspective, controlling the
size and shape of HAP nanoparticles is a fascinating
area of research in recent trends. Complemently,
template assisted synthesis method is proved to be a
convenient method to control the size and
morphology of nanoparticles (Gopi et al, 2012).
Moreover, an increasing awareness towards green
chemistry and other biological processes has led
to the development of an eco-friendly approach
for the synthesis of HAP nanoparticles. The use of
environmentally benign and renewable materials
like soluble starch offers numerous benefits of eco-
friendliness and compatibility for pharmaceutical
and biomedical applications. In this outlook, herein
we report synthesis of hydroxyapatite nanoparticles

using starch as template by green synthesis route.
The addition of starch of various concentrations how
can alter the purity, crystallinity, size and shape of
HAP nanoparticles were also discussed.

2. MATERIALS AND METHODS

Calcium nitrate tetrahydrate (CaN03.4H,0) and
phosphoric acid (H3PO4) are used the precursors for
calcium and phosphate respectively. Aqueous
ammonia and soluble starch are the other chemicals
in analar grade. In a typical experimental procedure,
0.05 M of CaN03.4H,0 was mixed with 0.01 wt. % of
starch, and the solution was stirred for about 1 h to
ensure the co-operative interaction and the self
assembly process was completed. At the same time,
0.03 M of H3PO4 was added slowly to the above
mixture and the stirring was extended to about 16 h.
The pH of the solution was maintained at 9 by using
aqueous ammonia.

A milky white precipitate was obtained which is
kept in an oven for 24 h at a temperature to 80°C.
The precipitate is washed with water and ethanol to
remove the insoluble precursors and other organic
residues. Followed by, the precipitate is dried in an
oven for 40°C. Then it was calcined at 600°C for 6 h
to remove the starch then sintered at 900°C for 2 h
in a muffle furnace to obtain nanohydroxyapatite
powders. The experiment is repeated for the other
two different concentration of starch (0.03 wt. % and
0.05 wt. %) also to compare the effect of its addition
on the purity, crystallinity and morphology of HAP.

To characterize the synthesized
nanohydroxyapatite, Fourier transform infrared
spectra were recorded using Nicolet 380 FT-IR
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spectrophotometer over the range from 4000 - 400
cm-! with a number of scans 32 and resolution 4
cm-L For this, small amount of HAP powders were
blended with KBr and then pressed into discs for the
measurement.

The phase composition and the crystallinity of
the HAP powders were determined by X-ray
diffraction (XRD) Bruker D-8 Advance-Germany
Spectrometer, with CuKa radiation A=1.5406A
generated at 35 kV and 25 mA. Data were collected
over the 20 range 20-60° with a step size of 0.010°
and a count time of 0.2s. The morphology of the
nano-HAP powders was examined by scanning
electron  microscopic (JSM  840A  Scanning
Microscope, JEOL-Japan.) technique.

3. RESULTS AND DISCUSSION

3.1. Fourier Transform Infra red Spectroscopic Studies
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Fig. 1. FTIR spectra of HAP nanoparticles
synthesized by template method using starch at
three different concentration (a) 0.01 wt.% (b)
0.03 wt.% (c) 0.05 wt. %.

Fig. 1(a-c) shows the FT-IR spectra of HAP
nanoparticles synthesized by template method using
aqueous starch at three different concentrations.
From the fig. 1 (a-c), it is evident that the formation
of apatite in all the cases by the observed
fundamental vibrational modes of the phosphate
peaks at around 1092&1023 cm! (vs), 602 & 562
cm(v4), 473 cm? (v2) and 958 cm1(v1) respectively.
The peaks at 3572 cm'and 632 cm'! corresponding
to the stretching and bending vibration of the
hydroxyl (OH-) group and are considered as the
characteristic peaks of stoichimetric hydroxyapatite.
Apart from that the peaks observed at around 3448
cm?! and 1630 cm?is due to the stretching and
bending modes of adsorbed water. These findings
were well coincide with earlier results (Gopi et al,
2010). There are no impurities formed as evident
from the FTIR results.

3.2. X-ray Diffraction Studies

The X-ray diffraction patterns for the HAP
nanoparticles synthesized by template method using
starch at various concentrations are shown in Fig. 2

(a-c).
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Fig. 2 XRD pattern of HAP nanoparticles
synthesized by aqueous starch as template at
three different concentrations (a) 0.01 wt.% (b)
0.03 wt.% (c) 0.05 wt.%.

All the peaks in the XRD pattern shown in Fig.
2(a-c) are attributed to stoichimetric HAP which is
well consistent with the ICDD No0.09-0432 and no
other calcium phosphate peaks were detected (Gopi
etal.,, 2012). On increasing the starch concentration,
the intensity of the XRD peaks shown in Fig. 2(a-c)
seems to be increased thus suggesting the increased
crystallinity of the HAP particles.

3.3. Scanning Electron Microscopic Studies

Fig. 3 (a-c) shows the SEM images of HAP
nanoparticles synthesized by template directed
method using aqueous starch at three different
concentrations.
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Fig. 3. SEM images of HAP nanoparticles
synthesized by template directed aqueous starch
method at three different concentrations (a) 0.01
wt.% (b) 0.03 wt.% (c) 0.05 wt.%.
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When the concentration of the starch was 0.01
wt. % for the synthesis of HAP, the micrograph
shown in Fig. 3(a) depicts nanosized discrete
particles with uniform in size distribution without
any agglomeration. On increasing t he starch
concentration to 0.03 wt. % (Fig. 3(b)) the particles
seems feather like shape but the size is somewhat
higher than previous. On further increasing of the
starch addition to 0.05 wt. % (Fig. 3(c)), the particles
is in the nanometer range but unclear discrete
manner were seen. Some agglomerated particles are
also found in this image. Hence the optimum
concentration was found to be 0.01 wt. %.

4. CONCLUSIONS

Hydroxyapatite nanoparticles were successfully
synthesized by template directed method using
aqueous starch. The FT-IR results have shown that
the obtained powders were free from any organic
impurities. As the addition of starch is increased, the
crystallinity of the particles increased as evident
from the XRD. The SEM result evident the formation
of discrete spherical nanoparticles with reduced size
and uniform throughout was obtained when the
starch concentration was lower. The size of the
particles was seen in the range around ~60 nm.
Hence the developed protocol will be a convenient
one as it works without complicated apparatus and
chemicals. The HAP nanoparticles synthesized by
this method can serve as a good biomaterial for
various biomedical applications.
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