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Abstract

Nano-sized rod like hydroxyapatite (HA) particles were synthesized using Ca(NO3),-4H,O and (NH4),HPO, as precursors with
varying contents of non-ionic surfactant viz., p-(1,1,3,3-tetramethylbutyl)phenoxypoly(oxyethylene)glycol (triton X-100) as organic
modifer. The crystalline phase, chemical composition, surface area and morphology of the prepared samples were characterized by
X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), BET surface area analysis, high resolution scanning electron
microscopy (HRSEM) and transmission electron microscopy (TEM). The above studies indicate the presence of nanoscale
hydroxyapatite (HA) phase. Triton X-100 does not appear to affect the crystallinity of the samples. Increase of BET surface area
and the consequent decrease in particle size of HA were observed as a function of surfactant content. Probable mechanism for the role of
the surfactant in the synthesis of nanoscale HA has also been discussed.
© 2012 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

Synthetic hydroxyapatite [(Ca;o(PO4)s(OH),] resembles the
mineral component of bone and tooth, hence possesses
enormous biocompatibility and bioactivity. However densified
HA, fabricated with HA powders of large particle size, has low
tensile strength and fracture toughness on comparison with
natural bone, thus restricting their use to less stressful
applications [1]. However, a fine layer of synthetic HA coating
on mechanically reliable implants has been made to increase
their biocompatibility and bioactivity [2]. It is reasonable to
expect that the nanoscale HA particles would serve as a
promising material for orthopedic and dental implant applica-
tions owing to its enhanced bioactivity with improved
osseointegrative propertics. Moreover natural bone consists
of HA nanorods embedded in collagen matrix. Thus synthesis
and fabrication of HA nanorod based materials are beneficial
when one considers the biocompatibility of the synthesized
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HA. In addition, HA and its substituted versions have also
been investigated for their catalytic activity for many organic
transformations [3-5]. Besides, hydroxyapatite materials have
also been established to be effective adsorbents for amine
fluorides, citric acid, certain proteins and heavy metal ions
[6-9]. Further, HA powders are used as delivery agents for
antibiotics, proteins and anticancer drugs [10-12]. Thus it is
readily comprehensible that nanoHA with higher surface area
and lower particle size can provide higher biocompatibility,
greater catalytic activity and good adsorption capability for
use as biomaterial, catalyst and adsorbent respectively.

There are various methods to synthesize nano-sized
hydroxyapatite crystals; they are namely mechano-chemi-
cal method [13], sol-gel route [14], chemical precipitation
[15], hydrothermal method [16], microemulsion method
[17], ultrasonic irradiation [18], microwave irradiation [19]
and surfactant assisted routes [20]. Among various pre-
parative methods, chemical precipitation in aqueous media
is found to be superior in synthesizing HA with high phase
purity and desired morphology even at low temperatures [21].
On the other hand, surfactant assisted method has been
proved to be a promising technique to synthesize hydroxya-
patite particles of nano dimensions [22].
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Recently, Chaofan Qiu et al. have prepared nano-sized
HA by using polyethylene glycol (PEG) as organic modi-
fier. Their study indicates that PEG could efficiently hinder
the nucleation and growth of HA through the interaction
of functional group —CH,~CH,—O— with Ca”>" ions in the
HA precursor. It has also been proved that HA with lower
particle size and poor crystallinity has resulted when high
concentrations of PEG were used [23]. Incidentally, it can
be inferred that both PEG and triton X-100 possess similar
functional group —CH,~CH,—O- as a part of their struc-
ture. This provoked us to reflect on employing the non
ionic surfactant viz., triton X-100 as organic modifier in
place of PEG to synthesize HA with better morphological
and pore characteristics along with particles of nanorange.
In addition, Jingxian Zhang et al., have synthesized triton
X-100/HA nanocomposites with rod like morphology by
using triton X-100 as a template and they have also
demonstrated the decrease of grain size with increasing
triton X-100 content through XRD studies [24].

2. Experimental
2.1. Materials and methods

The chemicals used in the present investigation were Ca
(NO3)24H20 (Sd fine-Chem. Ltd), (NH4)2HPO4 (Meer
Specialities Pvt. Ltd.), liquor ammonia (Qualigens fine
chemicals) and triton X-100 with composition C;4H»,O
(C,H40),, (n=9-10) (Sisco Research Laboratories Pvt.
Ltd.). All chemicals were of analytical grade and used
without further purification.

2.1.1. The specific conductivity measurements

Specific conductivities were measured for calcium nitrate
solutions (0.4 M) with varying amounts of triton X-100
using conductivity meter (DIGISUN make) in order to
investigate the possibility of interaction if any with triton
X-100 during the nucleation and growth of HA.

2.1.2. Synthesis of hydroxyapatite

100 mL of 0.24 M diammonium hydrogen phosphate
solution (pH 10.4; adjusted using 1:1 NH3) was taken in a
500 mL beaker and 100 mL of 0.4 M solution of Ca(NOs3),
(pH 10.4; adjusted using 1:1 NH;) was added drop wise
from a burette while stirring the content of the beaker using
magnetic stirrer. Adequate care was taken to maintain pH
of the reaction mixture above 10 through proper addition of
1:1 NH; besides the addition of Ca(NOs), solution. A milky
suspension formed was refluxed for an hour, cooled and
centrifuged. The white precipitate thus obtained was dried
over night in hot air oven at 120 °C and a portion of it was
calcined at 600 °C for 2h in stagnant air. The samples
prepared through chemical precipitation will hereafter be
designated as HA-CP. The above procedure was repeated
with calcium nitrate solution containing varying content of
triton X-100 namely (2%, 4%, and 6% (w/v)). The samples
prepared through surfactant-assisted route will hereafter be

designated as HA-SA. Flow chart for the synthesis of HA-
CP and HA-SAs is depicted in Fig. 1.

2.2. Characterization

2.2.1. X-ray diffraction (XRD)

X-ray diffractograms were recorded for the fresh and
calcined HA samples prepared by chemical precipitation
and surfactant assisted route using Guiner powder dif-
fractometer (SAIFERT BYZ 2002 MODEL) between 20
values of 20 and 70 using CuKa as source. The d values
corresponding to the first five intense peaks were calculated
and compared with the ASTM files for the identification of
HA phase.

2.2.2. Fourier transform infrared spectroscopy (FTIR)
FTIR spectra were recorded for the fresh and calcined
samples of HA-CP and HA-SAs between 450 and
4000 cm ™! using an IR-OPUS SOFTWARE FTIR model
spectrophotometer by KBr pellet technique.

2.2.3. BET surface area measurements

BET surface area measurements were carried out with
MICROMERITICS ASAP 2020 V3.00H for calcined
samples of HA-CP and HA-SAs.

2.2.4. High resolution scanning electron microscopic
analysis (HRSEM )

High resolution SEM images were recorded using
QUANTA-200 scanning electron microscope for selected
calcined samples viz., HA-CP and HA-SA (4% triton X-100).

2.2.5. Transmission electron microscopy(TEM)

TEM analysis was performed for selected samples using
a HITACHI H-7650 Transmission Electron Microscope
with an accelerating voltage of 80kV. Sampling was
accomplished by dispersing small amount of HA powder
in ethanol by sonicating for 20 min, with the subsequent
addition of a drop of suspension on the carbon coated
copper mesh followed by drying in air.

3. Results and discussion
3.1. Conductivity measurements

Table 1 lists the specific conductivities of Ca(NOj3),
solution with varying amount of triton X-100. Specific
conductivity was found to decrease with increasing amount
of triton X-100 suggesting the existence of possible inter-
action between triton X-100 and Ca®* ions in solution.
This interaction between triton X-100 and Ca’>* ions is
bound to influence the nucleation and growth of HA [23].
The expectation that the interaction mentioned above
might result in affecting the morphology and particle size
of HA, led the present investigation to use triton X-100 as
organic modifier for the synthesis of HA.
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Fig. 1. Flow chart for the synthesis of HA-CP and HA-SAs.

Table 1
Specific conductivities of Ca(INO3), solution as a function of Triton X-100
content.

Sl. no. % by wt of Specific conductivity
Triton X-100 (x1073Sem™Y)

1 0 443

2 2 43.7

3 4 41.9

4 6 39.7

3.2. X-ray diffraction studies

The XRD patterns of fresh and calcined samples of HA-
CP and HA-SAs are shown in Figs. 2 and 3 respectively.
The peaks corresponding to all HA samples found at
20=25.5, 31.6, 32.6, 46.3 and 49.09 were found to match
well with the standard data (JCPDS card no. 09-432)
indicating the presence of HA phase. It is interesting to
note that there are no other phases such as tricalcium
phosphate present in the sample even on calcination. This
further highlights the advantage of this method. All the
fresh samples viz., HA-CP and HA-SA were found to have
good crystallinity as evidenced by the presence of sharp
XRD peaks. This result appears to be contrary to the

report found elsewhere [23], where employing polyethyle-
neglycol (PEG) as organic modifier yielded HA samples of
poor crystallinity particularly when high concentration of
organic modifier was used.

3.3. Fourier transform infrared spectral studies

The FTIR spectra of fresh samples of HA-CP and HA-
SAs are shown in Fig. 4 and that of calcined samples are
shown in Fig. 5. FTIR spectral pattern indicates that both
fresh and calcined samples of HA-CP and HA-SAs corre-
spond to HA. The bands at 3572 and 633cm™' are
characteristic of structural OH of HA. The stretching
vibrational modes of PO;~ group appears at 1093, 1036
and 962 cm ™!, while the bands at 602, 565 and 472 cm ™!
correspond to the O-P-O bending modes. In addition, the
broad band centered at approximately 3400 cm ™! and that
at 1624 cm ™' show the presence of adsorbed water, essen-
tially present in fresh samples. However, the bands corre-
sponding to 1479, 1422 and 876 cm ™' imply the presence of
carbonate ion in the resultant HA, while the XRD pattern
validates the presence of pure HA. These facts together
insinuate that the bands corresponding to carbonate are due
to the physical interaction of HA with carbon dioxide
during synthesis, under ambient conditions.
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Fig. 2. XRD patterns of fresh samples of HA-CP and HA-SAs.

6% Triton X-100

4% Triton X-100

Intensity(cps)

2% Triton X-100

0% Triton X-100

10 20 30 40 50 60 70
2 theta (deg.)

Fig. 3. XRD patterns of calcined samples of HA-CP and HA-SAs.

The bands characteristic of C—H stretch of CH3 and CH,
groups viz., 2928 and 2856 cm ' respectively were found to
be absent in FTIR spectra corresponding to all the fresh
and calcined samples. This confirms the complete removal
of triton X-100 from the prepared samples under given
preparation conditions. On calcination, the bands due to
structural hydroxyl group and phosphate group become
highly pronounced owing to the enhanced crystallinity.

3.4. BET surface area analysis

BET surface area of calcined HAs was measured for all
the samples and the equivalent particle sizes were calcu-
lated (theoretically) using the formula d=6/pA4 where d, p
and A are particle size, theoretical density (3.156 g/cm?)
and specific surface area respectively of the HA particles as

6% Triton X-100
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Fig. 4. FT-IR spectra of fresh samples of HA-CP and HA-SAs.
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Fig. 5. FT-IR spectra of calcined samples of HA-CP and HA-SAs.

referred elsewhere [25]. BET surface and equivalent parti-
cle size of HA-CP and HA-SAs are listed in Table 2.

BET surface area of calcined samples of HA-SAs is
found to be larger than calcined sample of HA-CP. In
addition, BET surface area is found to increase with the
increase in surfactant content. As expected the particle size
of calcined samples of HA-SA is smaller than that of
calcined samples of HA-CP.

3.5. Scanning electron microscopic analysis

Figs. 6 and 7 show the high resolution SEM micro-
graphs of calcined samples of HA-CP and HA-SA (4%
triton X-100) respectively. It is evident from the compar-
ison of high resolution micrographs that HAs prepared by
surfactant assisted route are composed of relatively smaller
sized particles than that prepared by chemical precipitation
method. Comparing the enhanced BET surface area of the
samples prepared through surfactant assisted route with
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Table 2
BET surface and equivalent particle size of HA-CP and HA-SAs.

Calcined HA Surface area Equivalent particle

(mZ/g) size (nm)
HA-CP 37.8 50
HA-SA (2% Triton X-100) 40.8 47
HA-SA (4% Triton X-100) 44.5 43
HA-SA (6% Triton X-100) S1.5 37

Fig. 6. HRSEM micrograph of calcined HA-CP (0% Triton X-100).

Fig. 7. HRSEM micrograph of calcined HA-SA (4% Triton X-100).

that of chemical precipitation, one could comprehend that
the hampering of agglomeration and reduction in particle
size, as evident from SEM micrographs, contribute to a
large extent for the increased surface area of samples
synthesized by the use of triton X-100. However shape of
the HA particles are not clearly defined in the SEM images
obtained in the present investigation.

3.6. Transmission electron microscopic analysis

Figs. 8 and 9 show the TEM images of calcined samples
of HA-CP and HA-SA (4% triton X-100) respectively.
From Fig. 8 it is evident that the HA-CP sample prepared
without triton X-100 shows the presence of highly

Fig. 9. TEM image of calcined HA-SA (4% Triton X-100).

agglomerated particles assuming approximately spherical
morphology. The HA obtained via surfactant assisted
route (HA-SA, 4% triton X-100) exists as discrete particles
assuming rod like morphology. Thus triton X-100 plays a
pivotal role in controlling the agglomeration of HA
nanoparticles through physical interaction with primary
particles prior to agglomeration. The particle size of HA
nanorods synthesized in presence of Triton X-100 is
calculated using UTHSCSA image tool software and
found to be in the range between 35 and 72 nm in length
and 16 and 26 nm in diameter. Thus TEM images confirm
the formation of HA nano particles.

3.7. Probable mechanism for the effect of triton X-100 on
particle size and surface area of synthesized HA

Fig. 10 depicts the structure of triton X-100. The stereo-
chemical structure of the polyoxyethylene group of triton
X-100 changes when dissolved in water due to solvation of
polyoxyethylene groups. It has been an established fact that
the oxygen atoms in the polyoxyethylene group of triton
X-100 attracts the alkaline earth metal ions resulting in the
formation of hydrophobic complex [26]. Mechanism of
formation of nanoscale HA is represented schematically in
Fig. 11. The square in Fig. 11 represents the hydrophobic
group of triton X-100. Triton X-100 interacts with Ca>* jons
through an ion—dipole interaction of the polyoxyethylene
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Fig. 10. Structure of Triton X-100.
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Fig. 11. Mechanism of formation of nanoscale HA.

group, thereby forming an hydrophobic open ring complex
[26]. The transfer rate of Ca>* ions to the growing crystals of
HA is immensely reduced due to formation of the complex
[23], thus leading to the formation of nanosized HA crystals
under controlled conditions. In addition, triton X-100 gets
adsorbed to certain planes of the formed HA crystals resulting
in growth of HA particles in a preferential direction leading to
the formation of nanorods. The fact that Ca>™ interacts with
the polyoxyethylene group of triton X-100 in reducing the
particle size has also been verified recently by Jingxian Zhang
et al. [24] resulting in the preparation of rod like organized HA
particles. Nevertheless, the details of measures undertaken for
preventing the calcium ions from disrupting the micelle
structure of triton X-100 [27] have not been presented by the
authors. The present investigation used different preparation
conditions than reported and focused on manipulating the role
of surfactant as organic modifier rather than a template. The
present work reports the formation of discrete and short nano-
rod like HA particles unlike the one reported in the literature
[24]. Thus, this report serves as a complementing tool to
further comprehend the dynamics of the interaction between
metal ions and triton X-100 as surfactant from a different
perspective under modified preparation conditions.

4. Conclusion

Hydroxyapatite particles having rod like morphology
have been synthesized on nanoscale by a novel method
using triton X-100 as organic modifier. As bone consists of
rod like HA nano particles, it is expected that the HA
prepared in the present investigation assuming rod form

would be highly suitable as a biomaterial. The probable
functional role presumed prior to the synthesis by using
triton X-100 as organic modifier was to bring down the
particle size of HA through physical interaction. The
present investigation verifies the fact that indeed the
surfactant reduces the particle size of HA through interac-
tion. The strategy employed in the current investigation
presents itself to be superior to using polyethyleneglycol as
organic modifier as referred in the literature, (i) in imparting
high crystallinity, (ii) in the formation of pure HA phase
and (iii) in complete removal of surfactant. The present
mechanism, proposed for the reduction of particle size, has
potential in provoking one to think further in exploiting this
method for understanding the role of such physical inter-
actions in controlling texture and morphology. The effect of
amount of surfactant on the stability of open ring complex
formed with Ca’>" jons and the consequent effect in
inhibiting the rate of crystal growth of HA and hence its
particle size are potential problems to be resolved in future.
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