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Abstract

Use of macromolecular templates for controlling nanostructures of inorganic materials is an active area of research. In particular, oriented
growth of hydroxyapatite in organic matrix is of great relevance to understand biomineralisation of bone and its potential biomedical applications.
Natural bone being a composite of hydroxyapatite and collagen fibers, crystallization of hydroxyapatite in fibrous assemblies could mimic such
biomineralisation. This motivated us to investigate the role of long rod-like micelles in modulating the structure of hydroxyapatite particles. In
this article, we report the preparation of porous hydroxyapatite nanorods using rod-like micelles made up of a cationic surfactant
cetyltrimethylammonium bromide (CTAB) and anionic hydrotrope sodium salicylate (SS) as a templating agent. The successful formation of
hydroxyapatite crystals is evident from XRD, FTIR, TGA, SEM and TEM analyses. It has been observed that large hydroxyapatite nanorods of
diameter ∼50 nm are formed in surfactant mediated synthesis, whereas irregular shaped nanoaggregates of hydroxyapatite are obtained in the
absence of surfactant. A comparative study on the porosity of hydroxyapatite clearly shows that monomodal distribution of mesopores with a
peak at ∼30 nm in the absence of surfactant while bimodal distribution of mesopores having maxima at ∼4 nm and ∼45 nm appear in
hydroxyapatite prepared in the presence of surfactant template.
& 2013 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

Hydroxyapatite, with the chemical formula Ca10(PO4)6(OH)2,
is a biocompatible material that has been extensively studied
and applied in a variety of fields due to its similarity with the
mineral constituents of human bones and teeth [1,2]. Bone is a
hybrid material composed of needle-shaped inorganic hydro-
xyapatite nanocrystals and organic collagen matrix. Its proper-
ties depend intimately on its nano-scale structures, which are
dictated specifically by the collagen template. Synthetic hydro-
xyapatite is widely applied in biomedical engineering due to its
excellent biocompatibility and bioactivity [3]. It is also used as a
filler to replace amputated bone and in the reconstruction of
damaged bones and tooth zones. Many prosthetic implants are
coated with hydroxyapatite to promote bone growth in implant
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[4,5]. The textural properties of hydroxyapatite, such as pore
size, pore volume, pore structure etc., are also very important in
addition to their chemical composition and structure for bone-
forming ability. The porous nature of biomaterials allows the in-
growth of bone tissue to achieve full amalgamation with the
living bones. Also the mesoporous structure makes it feasible to
incorporate biologically active molecules such as drug, osteo-
genic agents etc. that can treat bone infection and diseases and
promote bone tissue regeneration [6–10]. Significant research
efforts have been devoted to synthesize hydroxyapatite with
controllable properties and porous structure using various
techniques such as the sol–gel method, hydrothermal reaction,
precipitation method, mechano-chemical, emulsion technique,
wet-chemical method as well as by using surfactants as
templates [11–16]. Stupp and Braun suggested that some of
the biomolecules such as proteins, glycoproteins, and polysac-
charides control nucleation and growth of mineral phases and
thus manipulate their microstructure and physical properties
[17]. By using this concept, they synthesized apatite-based
materials in aqueous solutions of organic macromolecules,
including homopolymer poly(amino acids), low molar mass
ghts reserved.
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peptides, and synthetic polyelectrolytes. Analogous to that of
biomolecules, synthetic polymers and surfactant assemblies can
also drastically change the morphology and porosity of materials
imparting new functional properties to them and provide new
processing methods for the formation of useful objects. The self-
assembly of surfactants by creating hydrophobic and hydro-
philic structured domains provides an opportunity to use these
systems as media for the synthesis of materials with unique
properties. Recently, surfactant assemblies have been employed
as templates for the synthesis of nanostructured hydroxyapatite
particles. Both ionic and nonionic surfactant assemblies as well
as block co-polymers have been attempted to tune the micro-
structure of hydroxyapatite particles [18–24].

Though, anisotropic and mesoporous structures formed by
incorporation of surfactants in reaction medium are reported,
true templating of micelle structure has not yet been proved.
This motivated us to investigate the role of long rod-like
micelles in modulating the structure of hydroxyapatite particles.
Moreover, a detailed comparison of morphology and porosity
behavior of hydroxyapatite prepared in the presence and
absence of template has not been demonstrated to the full
extent. The focus of the present work is to show the role of rod-
like micelle templates composed of cationic surfactant and
anionic hydrotrope in tuning the nanostructures of hydroxyapa-
tite. It is anticipated that such templates will closely resemble
the biomineralisation process in bone, which is a composite of
hydroxyapatite and collagen fibers. Addition of organic hydro-
tropes (sodium salicylate, p-toluene sulphonates etc.) to cationic
surfactant solution offers a novel way to create such rod-like
micelles [25–27], which could be explored as a template for
material synthesis.

Herein, we report the synthesis and characterization of
hydroxyapatite nanoparticles using rod-like micelles of a
cationic surfactant, cetyltrimethylammonim bromide (CTAB)
and anionic hydrotrope, sodium salicylate (SS) as a templating
agent and the comparison of its morphology and porosity
behavior with respect to the hydroxyapatite prepared in the
absence of any template under similar experimental conditions.
To the best of our knowledge, this is the first study in which
micelles composed of surfactant and hydrotrope have been
utilized as a template for the synthesis of hydroxyapatite.
2. Material and methods

2.1. Chemicals

In this study, calcium nitrate (Ca(NO3)2 � 4H2O), di-sodium
hydrogen phosphate (Na2HPO4) and cetyltrimethylammoinium
bromide (CTAB) were obtained from S. D. Fine Chem. Ltd.,
Mumbai, India. Sodium salicylate (SS) and sodium hydroxide
(NaOH) were purchased from Fluka Chemie, Buchs, Switzer-
land and BDH AnalaRs, E. Merck (India) Ltd., Mumbai,
India, respectively. All chemicals were used as received. The
nanopure water from a Millipore—Milli Q system (resistivity
∼18 MΩ cm) was used to prepare aqueous solutions.
2.2. Synthesis of hydroxyapatite powders

We have prepared hydroxyapatite by precipitation followed
by reflux [19]. In a typical synthesis of hydroxyapatite, 1.70 g
of Na2HPO4 was dissolved in 100 ml of Milli Q water and pH
was adjusted to 11.5 using 1 M NaOH solution. Then 4.72 g of
Ca(NO3)2.4 H2O was dissolved in 60 ml of Milli Q water and
added dropwise to Na2HPO4 solution under stirring. The
prepared milky suspension was refluxed at 100 1C for 2 h.
The molar ratio of Ca/P was kept at 1.67 as in hydroxyapatite.
The obtained precipitate was washed with Milli Q water by
repeated centrifugation (at 8000 rpm for 10 min) and redisper-
sion in water. The obtained precipitate was dried in an oven at
100 1C for 8 h and further calcined in a furnace at 550 1C for
6 h to obtain white powder of hydroxyapatite. For preparation
of hydroxyapatite using surfactant as a template (HAp–CTAB–
SS), 4.37 g of CTAB (120 mM) and 0.4 g of SS (25 mM) were
dissolved in 100 ml Milli Q water along with 1.70 g Na2HPO4

followed by the same procedure as mentioned above. The
obtained gel-like precipitate was separated and washed several
times with water as mentioned earlier and then kept for drying
in an oven at 100 1C for 8 h. It was further calcined in a
furnace at 550 1C for 6 h for the removal of templates.

2.3. Characterization of micellar template

Dynamic light scattering (DLS) measurements were per-
formed using a Malvern Autosizer 4800 (Malvern Instruments
Ltd., UK) employing a 7132 digital correlator and APD
detector. The light source was He–Ne laser operated at
632.8 nm with a maximum power output of 15 mW. All
measurements were carried out at 30 1C using a circulating
water bath. Cylindrical cell of 10 mm diameter was used in all
of the light scattering experiments. The intensity of scattered
light was measured five times for all the micellar solutions at a
scattering angle of 1301. The autocorrelation function was
obtained using a 192-channel photon correlator.

2.4. Characterization of hydroxyapatite powders

Phase analysis of the as-prepared (dried at 100 1C) and
calcined hydroxyapatite (at 550 1C in air for 6 h) powders
prepared in the presence (HAp–CTAB–SS) as well as in the
absence (HAp) of surfactant template was carried out using
powder X-ray diffraction (PXRD, Phillips PW1710) with
CuKα radiation. Data were collected from 201 to 601 (2θ)
with a step size of 0.021 and step time of 0.20 s. Fourier
transform infrared spectra (FTIR, BOMEM MB series) were
recorded in the range of 4000–450 cm−1 on powders prepared
by the KBr-pellet technique. The weight ratio of KBr to
sample was kept approximately 20:1. The thermal analysis of
as-prepared samples was carried out between 30 1C and
700 1C in oxygen atmosphere by a TG-DTA instrument
(Setaram Instrumentation, LABSYS 1600) at a heating rate
of 10 1C/min. The morphological behavior of the as-prepared
and heated (at 550 1C) samples was studied by using a
scanning electron microscope (ATS 2100, SERON INC) and
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transmission electron microscope (Philips CM 200). The
surface area and porosity measurements were performed on
samples heated at 550 1C by N2 adsorption–desorption iso-
therm (Micromeritics ASAP 2020 surface area and porosity
analyzer). The samples were thoroughly degassed prior to
surface area and porosity measurements.
3. Results and discussion

3.1. Microstructure of micellar template

CTAB micelles in the presence of SS are known to form
long rod-like micelles [25–27]. To understand the microstruc-
ture evolution in CTAB micelles with successive addition of
hydrophobic salt SS in the presence of PO4

3− ions, dynamic
light scattering measurements were performed. To begin with,
we used an equimolar solution of cationic surfactant CTAB
(120 mM) and PO4

3− ions (120 mM). This ensures that the
amount of phosphate anions is sufficient to decorate the
surface of micelles. To modulate the structure of micelles
from spherical to rod-like the hydrotropic salt concentration
(css) was varied from 6 mM to 25 mM. The variation of
apparent hydrodynamic diameter of template micelles obtained
from the diffusion coefficient of the micelles using Stokes–
Einstein relation [28] at different concentrations of SS is
depicted in Fig. 1. In the absence of SS, the hydrodynamic
diameter of CTAB/PO4

−3 micelles is ∼5.5 nm, which is slightly
more than the value expected (∼4.3 nm) for small globular
micelles of CTAB. According to Tanford's formula [29], the
extended length of a cetyl chain of CTAB is 2.17 nm. Thus,
the approximate diameter of the spherical micelles formed by
CTAB molecules is expected to be ∼4.3 nm as chain length of
a surfactant molecule sets the maximum radius of the
corresponding spherical micelle. This suggests the possibility
Fig. 1. Variation of apparent hydrodynamic diameter of CTAB/PO4
−3 micelles

in the presence of different concentrations of SS at 30 1C.
of adsorption of phosphate anions on the surface of CTAB–SS
micelles that leads to slight growth of the micelles due to the
shielding of the surface charge. With successive addition of
SS, there is a gradual increase in the average dimension of the
micelles. At css¼25 mM, the equivalent sphere diameter of the
micelles is ∼26 nm. However, it is unrealistic to have an
isotropic spherical micelle having such a large value of
diameter for CTAB molecules; since the maximum extended
length of a cetyl chain is only 2.17 nm [29], any increase in
radius beyond the length of the surfactant chain leads to the
energetically unfavorable formation of void or water pool at
the core of the micelle. It suggests that CTAB/PO4

−3 micelles
are growing to long rod-like micelles upon addition of SS.
We have employed these rod-like micellar templates of
CTAB (120 mM) and SS (25 mM) for the synthesis of
hydroxyapatite.

3.2. Identification and microstructural characterization of the
precipitate

3.2.1. Powder X-ray diffraction
The powder X-ray diffraction (PXRD) patterns of as-

prepared and heated (550 1C) samples of HAp and HAp–
CTAB–SS composites are shown in Fig. 2(a) and (b)
respectively. PXRD analysis revealed the formation of single
phase hexagonal hydroxyapatite (JCPDS files: 09-0432). It can
be seen that all samples show the characteristic peaks of
hydroxyapatite structure without any secondary phase forma-
tion. The appearance of broad peaks in PXRD suggests the
formation of small size particles. Upon heating the samples at
550 1C, the crystal structure is retained.

3.2.2. Fourier transform infrared spectroscopy
FTIR studies were performed on HAp and HAp–CTAB–SS

to investigate the composition of the samples. Fig. 3 shows
FTIR spectra of the as-prepared and heated at 550 1C samples
of HAp and HAp–CTAB–SS. From FTIR spectra, it could be
inferred that all the stretching and bending vibrations of the
PO4

3− and OH− functional groups remain in the same position
in heated as well as non-heated samples of HAp and HAp–
CTAB–SS. The weak shoulder at 960 cm−1 and strong broad
band around 1030 cm−1 corresponds to ν1 and ν3 phosphate
stretching modes while the strong peaks present at 565 and
605 cm−1 and the shoulder at 468 cm−1 indicate the presence
of ν4 and ν2 phosphate bending modes [12]. The peaks present
at 870 cm−1, 1410 cm−1 and 1460 cm−1 in HAp and HAp–
CTAB–SS as-prepared samples show the presence of CO3

−2

band positions [12,30]. This carbonate might come from the
atmosphere carbon dioxide during sample preparation and
would have incorporated into the HAp crystal structure. The
carbonate peaks become less prominent in HAp as well as
HAp–CTAB–SS samples upon heating at 550 1C. The bands
appearing in the range of 2856–2970 cm−1 in HAp–CTAB–SS
as-prepared sample could be ascribed to the bending and
stretching modes of methylene groups (–CH2), indicating the
existence of surfactant chains within the hydroxyapatite
particles. However, these vibrations are absent in



Fig. 2. PXRD patterns of (a) as-prepared HAp and HAp–CTAB–SS composite and (b) heated at 550 1C.

Fig. 3. FTIR spectra of as-prepared HAp and HAp–CTAB–SS composites,
and HAp and HAp–CTAB–SS composites heated at 550 1C.
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hydroxyapatite prepared in the absence of template and have
almost disappeared in HAp–CTAB–SS annealed at 550 1C
indicating the removal of template material. The weak peaks at
635 and 3568 cm−1 are ascribed to the stretching vibrations of
the OH functional group. The broad peaks around 1635 and
3430 cm−1 reflecting the presence of water molecules are also
observed. These results are in agreement with the previous
reports on hydroxyapatite [30].
3.2.3. Thermal analysis
In order to investigate the chemical changes during heat

treatment, the as-prepared samples of HAp and HAp–CTAB–
SS were subjected to thermal studies. The thermogravimetric
analysis (TGA) and its differential thermal analysis (DTA)
trace are shown in Fig. 4(a) and (b) respectively. In both the
samples, the weight loss observed up to 250 1C may be
assigned to the removal of weakly bound (physically adsorbed)
water molecules in the samples. In HAp–CTAB–SS, a major
weight loss between 250 1C and 500 1C with sharp exothermic
peak at about 300 1C was observed. This weight loss may be
attributed to the removal of organic templates. Further, no
significant weight loss was observed above 500 1C.
3.2.4. Electron microscopy
The microstructure evaluation of as-prepared HAp and

HAp–CTAB–SS was carried out using scanning electron
microscopy (SEM) and transmission electron microscopy
(TEM). Fig. 5 shows the SEM micrographs of the samples
synthesized in the (a) absence of surfactant (HAp) and (b)
presence of CTAB and SS (HAp–CTAB–SS). The formation
of irregular shaped aggregates comprised of numerous nano-
particles was evident from the SEM micrograph of hydro-
xyapatite prepared in the absence of template. On the other
hand, an altogether different morphology showing the presence
of self-assembled/ self-aggregated rod-like hydroxyapatite
nanoparticulates was observed on addition of micellar tem-
plates during the synthesis of hydroxyapatite. Fig. 6 shows the
SEM micrographs of (a) HAp and (b) HAp–CTAB–SS
samples heated at 550 1C. No significant changes in the
morphology of the samples could be observed upon heating.
Further, the formation of rod-like hydroxyapatite having length
of 100–500 nm and cross-section of ∼50 nm is also evident
from TEM images of as prepared HAp–CTAB–SS powder
(Fig. 7). The selected area electron diffraction (SAED) pattern
(inset of Fig. 7a) and HRTEM images (inset of Fig. 7b)
indicate that all these synthetic nanorods were highly crystal-
line with a typical apatite structure. The crystal lattice planes
were perfectly aligned and the lattice spacing was 0.28 nm,
which can be assigned to the interplanar spacing of (211)
planes for hexagonal hydroxyapatite.
The formation of rod-shaped hydroxyapatite nanoparticles

in the presence of CTAB–SS is possibly due to the crystal-
lization of hydroxyapatite nanoparticles on the surface of long
rod-like micelles of CTAB and SS. There are other reports in
which surfactant assemblies used as a template during synth-
esis have been shown to guide the morphology of the resulting
hydroxyapatite. In the work of Shanti et al. [18], spherical
particles of hydroxyapatite are formed in the presence of 4 mM
cationic surfactant cetrimide. Similarly, Zhang and coworkers
[21] have shown that in the presence of a nonionic surfactant,
triton X-100, hydroxyapatite nanorods are formed which are



Fig. 4. TGA (a) and DTA (b) plots of pure HAp and HAp–CTAB–SS composites.

Fig. 5. SEM micrographs of as-prepared (a) HAp and (b) HAp–CTAB–SS composites.

Fig. 6. SEM micrographs of (a) HAp and (b) HAp–CTAB–SS composites heated at 550 1C.
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aligned and form big particles. According to them, the
formation of well-aligned hydroxyapatite nanoparticles is
presumably templated by triton X-100, which tends to form
hexagonal phase. Yujie et al. have shown the role of
dodecylphosphate micelles for the synthesis of nanocrystalline
hydroxyapatite and demonstrated that the morphology as well
as the surface area of the hydroxyapatite particles depends
upon the concentration of the surfactant used [20].

In the present study, during synthesis of hydroxyapatite in
the absence of surfactant template, PO4

3− ions are randomly
distributed in the solution. As a result of this, the addition of
Ca2+ into the solution of PO4

3− leads to precipitation of
irregular size hydroxyapatite particles. On the other hand, in
the presence of CTAB–SS micelles, the surface of the micelles
is positively charged due to positive headgroup of CTAB.
Upon addition of PO4

3− to the solution of CTAB and SS, these
negatively charged ions would have a tendency to bind to the
surface of positively charged micelles due to the electro-
static attraction between them. In addition to this, both CTA +

and PO4
3− have tetrahedral structure, which could make them

stereochemically compatible to interact with each other in an
effective manner. Hence, possibly due to electrostatic attrac-
tion and complementary stereochemistry between the micelles
and phosphate anions, an inorganic/organic network forms,



Fig. 7. (a) TEM image of as-prepared HAp–CTAB–SS (inset shows its selected area electron diffraction pattern) and (b) TEM image of a single HAp–CTAB–SS
nanorod (inset shows its HRTEM image).

Scheme 1. A plausible schematic representation of the formation of hydro-
xyapatite nanorods using rod-like micellar templates.
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that might act as a nucleation center for the formation of
hydroxyapatite. Upon drop-wise addition of Ca2+ solution into
the network of CTAB–SS and PO4

3− solution, co-precipitation
of Ca2+ and PO4

3− takes place on the hydrophilic surface of
rod-like micelles. With the progress of the precipitation pro-
cess more and more Ca2+ ions adsorb at the surface of
micelle–phosphate ion network, which might lead to nano-
rod structures of HAp–CTAB–SS complex. In this way, the
micelles might act as nucleating sites for the growth of hydro-
xyapatite nanorods. The plausible schematic of the formation
of rod-shaped hydroxyapatite nanoparticles is shown in
Scheme 1.

Apart from the controlled morphology, the use of templating
agent in the synthesis of hydroxyapatite gives a porous
structure. Porosity in hydroxyapatite is of great importance
from a biomedical engineering point of view. Porous nature of
biomaterial allows for the possibility of in-growth of natural
bone, for bone cavity fillings, replacement of joints etc. and
this also offers greater drug-loaded regions and larger surface
to volume ratio. To evaluate the porous nature of hydroxya-
patite prepared in the presence as well as in the absence of
surfactant template, N2 adsorption–desorption isotherm was
performed on HAp and HAp–CTAB–SS samples heated at
550 1C. Upon heating the sample at 550 1C, the surfactant
template burns out and creates the pores without disturbing the
structure of the material as confirmed by PXRD, FTIR and
SEM studies.
Fig. 8. N2 gas adsorption–desorption isotherms of HAp and HAp–CTAB–SS
samples.
3.2.5. Porosity analysis
Fig. 8 shows typical N2 adsorption–desorption isotherms for

HAp and HAp–CTAB–SS samples (heated at 550 1C), which
exhibit a type IV curve accompanied by a type H3 hysteresis
loop [31]. Type IV isotherm corresponds to a mesoporous
material. As can be seen from the curves, adsorption and
desorption are not a reversible phenomenon which leads to the
appearance of hysteresis between the curves of adsorption and
desorption. Further, the presence of a pronounced hysteresis
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loop in the isotherm curves is indicative of 3D intersection
network of the mesopores [32] which goes well with the SEM
observation. Due to the presence of large mesopores, the
capillary condensation takes place at very high relative
pressures and adsorption saturation is not significantly visible.
It is also observed that the area of hysteresis loop decreases in
the sample synthesized in the presence of CTAB and SS, i.e.,
HAp–CTAB–SS possibly due to the formation of larger size
mesopores that results due to clustering of nanorods as
observed in SEM and TEM. This in turn decreases the porous
network and the area of hysteresis loop decreases.

The Brunauer–Emmett–Teller (BET) surface area plots of
HAp and HAp–CTAB–SS samples correspond to the well
known BET equation [33]. The specific BET surface areas of
HAp and HAp–CTAB–SS were found to be 73.3 and 26.7 m2/g,
respectively, and the corresponding single-point total pore
volumes at P/Po¼0.99 are 0.774 and 0.185 cm3/g, respectively.
The observed variation in surface area and pore volume can be
correlated to the agglomeration of the nanorods and formation of
larger size mesopores in HAp–CTAB–SS, which in turn
decrease the surface area and pore volume of the hydroxyapatite
particles. Further analysis of the porous nature of the HAp and
HAp–CTAB–SS was carried out by determining the pore size
distribution of particles. The pore size calculation of samples for
determination of the pores size distribution was performed on
the desorption branch of the N2 adsorption–desorption isotherm
(since capillary condensation occurs at relatively higher pres-
sure) by the Barrett–Joiner–Halenda (BJH) method [34]. The
BJH desorption pore size distribution analysis confirmed the
porous nature of both the samples. HAp particles show only
monomodal distribution of mesopores whereas HAp–CTAB–SS
particles show bimodal distribution of mesopores. The dV/dD
pore volume vs. pore diameter curves (Fig. 9) clearly show
broad distribution of mesopores with a peak at about 30 nm for
Fig. 9. dV/dD pore volume vs. pore diameter curves of HAp and HAp–
CTAB–SS samples heated at 550 1C. Inset shows the dV/dD pore volume vs.
pore diameter curve of HAp–CTAB–SS showing bimodal distribution of
mesopores.
HAp. However, HAp–CTAB–SS sample shows clear evidence
for the generation (more than 50% population) of smaller size
mesopores below 4 nm (inset of Fig. 9) along with a broad
distribution of mesopores with a maximum at about 45 nm.
The appearance of smaller sized mesopores in HAp–CTAB–

SS can be attributed to the presence of internal pores in the
hydroxyapatite composites which originates due to the removal
of CTAB–SS templates upon thermal treatment. The increase
in the size and decreases in the population (pore volume) of the
larger mesopores in the HAp–CTAB–SS system might possi-
bly be due to the decrease in number of pores that might
originate due to the clustering of nanorods in the HAp–CTAB–
SS system. Thus, the present study demonstrates successful
tuning of morphology and porosity behavior of hydroxyapatite
by involving surfactant templates during the course of
synthesis.

4. Conclusion

In summary, we have explored the role of rod-like micelles
as templates for the synthesis of porous hydroxyapatite
nanoparticles and compared its microstructure with that pre-
pared in the absence of micelles. A remarkable difference in
the morphology and porosity behavior could be observed in
the hydroxyapatite prepared in the presence and absence of
surfactant template. The SEM and TEM micrographs confirm
the formation of hydroxyapatite nanorods (100–500 nm in
length and ∼50 nm in diameter) in the presence of surfactant
template. On the other hand, random distribution of particles
was observed in the absence of surfactant template. Moreover,
HRTEM studies on rod-like hydroxyapatite particles suggest
preferential growth of the crystals with the (2 1 1) planes
arranged parallel to the rod axis. Such oriented growth of
inorganic materials in the organic matrix is of great relevance
to biomineralisation of bone and tissue engineering materials.
The presence of bimodal distribution of mesopores was
evident from porosity measurements in hydroxyapatite pre-
pared in the presence of surfactant template while hydroxya-
patite prepared in the absence of surfactant template shows
monomodal distribution of mesopores. This difference in the
morphology and porosity behavior may be due to the crystal-
lization of hydroxyapatite nanoparticles on the surface of rod-
like micelles of CTAB and SS. Specifically, the present study
suggests that rod-like micelles composed of surfactant and
hydrotrope could be promising soft templates for the crystal-
lization of hydroxyapatite crystals. This could offer novel
means of modulating the size, shape, orientation and nanos-
tructures of hydroxyapatite particles. Moreover, the use of soft
templates for the preparation of shape and size controlled
hydroxyapatite nanorods might be useful for the development
of biomimetic materials.
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