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Abstract: The preparation of Nano hydroxyapatite (HAp) with varied morphology has usually been
achieved by changing the parameters like concentration, temperature, pH and the precursors in
coprecipitation method. However the morphological control by changing the mode of addition of the
precursor solutions has seldom been reported. In the present work polygonal morphology has successfully
been achieved by a simple method of dripping the calcium ionic solution through a tubular tip into the
whirl-pool of tetradecyltrimethylammonium bromide (Cetrimide) added phosphate ionicsolution,
which is stirring moderately. The same experiment with ultrasonic vibration instead of stirring has also
been done. The Fourier Transform—Infrared Spectroscopy (FTIR), X-ray diffraction (XRD), Scanning
Electron Microscope (SEM), Energy dispersive X-ray spectroscopy(EDX) and Transmission Electron
Microscope (TEM) studies were made and the results were discussed. The results show that polygonal
morphology could be achieved by changing the mode of addition. The change in mode of agitation gives

comparatively smaller particles with smaller grain size, more strain and carbonate inclusion.
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1. Introduction

Hydroxyapatite is a type of calcium phosphate with excellent biocompatibility and
osteointegrity and hence it is a well-known material in the field of dentistry and
orthopaedics. The Modern technological advancements expand the scope of application of
HAp beyond its conventional applications like space filling, artificial bone graft,
maxillofacial, biocompatible coating etc. For example, Nanotechnology extends its usage
in the field of novel drug delivery and tissue engineering. However the size and
morphology confinement of HAp, which decides the choice of application, is a big
challenge in nanotechnology. Hence various methods of preparation have been adopted to

overcome this problem.
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Biomimetic, Solid-state synthesis, mechanochemical, hydrothermal, chemical precipitation
and coprecipitation are the various methods used to synthesize the nanoHAp. Among
them coprecipitation method is a recent one which establishes good control over the
morphology and size of the particles. Literature reports that co precipitating agents play a
vital role in the preparation of nano particles rather than the simple precipitation method.
Plazzo et al has reported that the polar amino acids induce a morphological and
dimensional variation in calcium-deficient hydroxyapatite (CDHA) nano crystals rather

than the CDHA prepared without the amino acids [1].Martinez-Pérez et al. reported that

the 2% and 5% addition of B—cyclodextrin (B—CD) as a coprecipitating agent controls the
size to nano and also reduces the impurity inclusion [2]. The surfactants like CTAB, SDS,
EDTA, PEG, pluronic-127, etc. have also been used to prepare nanoHAp. In such works
the concentration plays an important role in modifying their morphology and size from
rods to spheres and even to plate-like HAp particles [3-10].Morphological modification
has also been achieved by optimizing the other parameters like temperature and pH. The
work based on pH variation reports that the higher hydrogen ion activity due to high pH
results in spherical Hap, whereas low pH in rods and whiskers [11]. Similarly

HApprepared with high temperature results in the growth of the particles size[12].

A trend of engineering the particles by incorporating simple modifications in the existing
methods has also been emerging. In coprecipitation method, Zhang et al. has reported the
preparation of poly dispersed spherical HApparticles by simply changing the rate of
addition of the precursors [13].Cai et al. has reported the CTAB assisted hollow spherical
HAp particles by changing the mode of mixing [14]. In the same way, the present work
reports the control over the morphology by changing the way of addition of precursors,
which was not reported earlier. In our previous report by using the cationic surfactant
‘Cetrimide’ of 4mM, we have achieved hollow spheres of Hap [15].Current work reveals
that, a simple change in mode of addition of the same method could tailor the
morphology from hollow spheres to polygonal. Similarly the change in the mode of
agitation or mixing, i.e. using ultrasonic vibration instead of stirring, resulted in

disintegration of particles to smaller size.

2.1 Materials

The precursors diammoniumhydrogenphosphate (NH,),HPO, and
calciumnitratetetrahydrate Ca(NO;),4H,O were purchased from Merck Specialties Private
Limited, India. Sodium hydroxide pellets (NaOH) were bought from Qualigens Fine
Chemicals, India. The capping agent Cetrimide (C,,H;,NBr) was purchased from Merck,

India.



The Effect of Mode of Addition and Agitation on the Morphology of NanoHAp in Coprecipitation
Method

2.2 Experimental procedure

The aqueous solution of (NH,),HPO, (0.6 M) was added with 4 mM of cetrimide and
stirred well. The pH was raised to ~11.5 using 1M of NaOH. The aqueous solution of
Ca(NO,),.4H,0 (1M) was dripped slowly through a tube by dipping it into the whirl-pool
of stirring PO,” solution. White milky solution was obtained;from which white sample
was filtered, dried and named as HAp-D. The experiment was done at ambient
temperature. The same experiment was repeated with normal way of addition while the
mode of agitation has been changed. The ultra-sonic vibration of frequency 40 kHz and
energy 150 W was used for mixing instead of stirring. The variation in temperature was

maintained between 50 to 53°C. The white precipitate obtained was dried and named as

HAp-S. Both the precipitates were calcinated at 750°C for 8 h and named as HAp-D750
and HAp-S750.

Characterization

The samples were subjected to different characterizations. The chemical bonding
structures of the samples were confirmed by the Fourier Transform-Infrared Spectroscopy

(Perkin Elmer Spectrum RX1). The structural and phase analysis were done by the X-ray
diffraction technique, using RigakuUltima III with Cu KO (1.54056 A)radiation. The

structure and chemical composition of the samples were examined by a JEOL JSM 6380
LV Scanning Electron Microscope with the attachment of Energy dispersive X-ray
spectroscopy.The morphologic analyseshave been carried out using a JEOL JEM 1200 EX

IT Transmission Electron Microscope.

3. Results and Discussion

3.1FTIR analysis

The FTIR spectrum of as precipitated HAp-S sample is given in Fig.1(a) and that of
calcinated HAp-S-750 and HAp-D-750 samples are given in Fig.1(b) and 1(c) respectively.
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Fig.1. FTIR spectra of: (a) HAp-S, (b) HAp-S750 and (c) HAp-D750 samples.

The FTIR spectra show all the stretching and bending vibrations of the phosphate mode
and the OH functional group. The broad and strong peak between1000-1100 cm™ belongs
to the stretching mode of phosphate functional group. Similarly the strong peaks in
between 500 to 600 cm™ are due to the bending mode of the phosphate group. The sharp
peaks at 3566 cm™ of HAp-D750 sample and that around 3560cm™ of HAp-S and HAp-
S§750 samples belong to the stretching vibrations of the OH functional group. They
confirm the presence of HAp, as they are considered to be the characteristic peaks of Hap
[16, 17]. The broad peak around 3430 cm™ of HAp-S sample (Fig.1 (a)) is from the lattices
of water molecules and henceit becomes smaller (Fig.1 (b) &1(c)) after thermal treatment.
The carbonate ion insertion is observed at 1461 cm andwhichdenotes the ‘B’ type
substitution of few PO,” ions by CO,” ions [18]. The inclusion of these carbonate ionsare
mainly from the organic template material. Sincethe presence of template material inthe as
prepared HAp-S sample is also detected from the weak peak at 2935 cm™ that belongs to
the stretching vibration of C-H group. However the removal of template material is also
confirmed from the absence of the same in the calcinated samples HAp-S750 and HAp-
D750.

3.2 XRD analysis

The XRD patterns of calcinated HAp-D750 and HAp-S750 samples are given in Fig. 2(a)
and 2(b) respectively. The peak positions and intensities of the samples are in good
agreement with the JCPDS reference data 09-0432 which is given in Fig.2(c). The XRD
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analysis confirms the hexagonal phase of the samples with space group P6,/m and no
other impurity peak is observed. The XRDA software was used to calculate precise lattice
parameters and the extracted data are given in Table 1. The crystalline phase fraction of

the samples were calculated (Table.1) from the formula[19],

X :1_\/112/300
L300

(1
Where, V,,,/5 is the intensity of the hollow between (112) and (300) diffraction peaks and

Ly, is the intensity of (300) diffraction peak. Both the samples show a shrinkage in lattice

parameter values (Table.1), as an indication of ‘B’ type substitution [20].
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Fig.2. XRD pattern of calcinated: a) HAp-D750, b) HAp-S750 samples and c) JCPDS:

09-0432.: (d) & (e) The plot between 4sin9hk,and Bhk,cosehk,of sample HAP-D750 and
HAp-S750 respectively.
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The tetrahedral phosphate ions were replaced by the smaller planar carbonate ions in ‘B’
type substitution and hence the shrinkage [3]. The FTIR pattern also reflected the same

result.

The conventional Williamson-Hall (W-H) method is an appropriate approach for the
estimation of lattice strain. It assumes that the strain present in the material is

uniform.Using the W-H method the average crystallite size and strain of the samples were
obtained from the intercept and slope of the graph plotted between 4sin9hkland

,Bhklcosehklvalues ofthe samples [21,22]. Here, 0 is the Bragg’s angle of diffraction, Bhk, is

the instrumental error corrected full width at half maximum of the diffraction peak

(fwhm) in radian and € is the strain. The W-H plot of the samples HAp-D-750 and HAp-

S-750 are given in Fig. 2(d) and 2(e) respectively and the values calculated are given in

Tablel.
Sample | Cry. Phase % Lattice parameters Unit Ave. Strain
name (X, %) A) volume | grain (€)
(A) | size %1073
a C c/a
(nm)
HAp-D750 95% 9.376 | 6.863 | 0732 | 5225 157.3 1.41
HAp-§750 93% 9.365 6.859 0.732 520.9 141.7 1.56
JCPDS:09- ; 9.418 | 6884 | 0731 | 5288 ; ;
0432

Table 1.Geometrical parameters of the samples calculated from the XRD data

The better fit of the experimental data points confirms the uniformity of the lattice strain.
The points of HAp-S-750 are close to linear fit and hence the strain is uniformly
distributed rather than the other sample.The average crystallite size of HAp-S-750 sample
is lower than the HAp-D-750 and which is in agreement with the TEM images.

3.3. Electron microscopic analysis

The SEM images of HAp-D750 and HAp-S750 samples are given in Fig.3 (a) and Fig.3 (b)

respectively. The SEM images reveal the nano size of the prepared samples.



The Effect of Mode of Addition and Agitation on the Morphology of NanoHAp in Coprecipitation

Method S2

Fig.3. SEM images of: (a) HAp-D750 and (b) HAp-S750 samples; EDX spectra of: (c)
HAp-D750 and (d) HAp-S750 samples.

The HAp-S750 sample is more spherical than the HAp-D750 sample and howeverthe
study of morphology needs TEM analysis.The energy dispersive X-rayspectra of HAp-
D750 and HAp-S750 samples are given in Fig3 (c) and 3 (d) respectively.
Thestoichiometric ratio (Ca/P) of the samples obtained from the EDX spectrum is given
in Table 2.

Sample Ca/P )
) x value The precise formula
name ratio
HAp-D750 1.65 0.1212 | Ca 94394 (POL)s54755(CO3)0.112(OH),
HAp-8750 1.61 0.3063 | Ca 44469(PO4)56973(CO3)o 306 (OH),

Table 2. The stoichiometric ratio of the samples obtained from the EDX spectrum and

the precise formulae of the samples.

The Ca/P ratio (1.65) of the HAp-D750 sample(Fig.3 (c)) is close to the theoretical value
1.67 of the standard HAp. The low Ca/P ratio (1.61) of HAp-S750 sample (Fig.3 (d))
shows the inclusion of carbonate ions or the incomplete reaction. This implies that the
ultrasonic vibration enhances the carbon inclusion rather than the desired internal (Ca*'+

PO,*) reaction.
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Fig.4. TEM images of: (a) HAp- reference sample, (b) & (c) HAP-D750 sample, and (d)
& (e) HAp-S750 sample.

The carbonate content of the HAp can be calculated from the Ca/P ratio, by substituting
the value of x in the chemical equation ‘Ca,y, (PO, (CO;), (OH),’, where ‘X’ is given
by the formula [23],

_(6xCa
X:(10 (6 A,) o

_ Cy
05-(Cay)
Thus the x values calculated and the corresponding formulae deduced for the samples
HAp-D750 and HAp-S750 are given in Table 2.
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The TEM images of HAP-D750sample are given in Fig.4 (b)&Fig.4(c) and that of HAp-
S750 are given in Fig.4 (d)&Fig.4 (e). As a comparative measure the TEM image of the
HAp particles prepared with the same experimental parameters, using normal mode of
addition and agitation has been given in Fig.4 (a) [15].The TEM images reveal the
transformation of the hollow sphere like morphology into polygonal structures. The open
pores found in Fig.4 (a) could not be seen in the sample HAp-D-750 (Fig.4 (b) &4(c)),
which implies that the closed micelle formation process has been accelerated. At the same
time the face of the micelle which comes in contact with the tube becomes flat and
consequently the HAp nucleates over these edged micelles and produces polygonal
particles. The spinning fluid maintains this contact due to continuous stirring and thus
the process continues.Similarly in the other method, the ultrasonic vibration enhances the
dynamics of monomers in the micelles and acts against stabilization. This in turn causes
indefinite morphology and size of particles. This result contradicts with the earlier report
of Cai et. al, in whichhollow spheres have been obtained with the use of CTAB and ultra-

sonication [14].
4. Conclusion

The flexibility of the surfactant assisted coprecipitation method has been studied by
applying simple modifications to the conventional method of preparationof HAp. The
experiment was conducted at room temperature using the surfactant ‘Cetrimide’of 4 mM
as template material with the pH 11.5. The same experimental parameters with normal
mode of addition could result in hollow spheres of nano HAp as we reported earlier.
However the current work reveals the fact that the immersed mode of addition, the
neglected parameter, could tailor the morphology of nano HAp to polygonal. We hope
further study over the rate of stirring along with the change in the size of the dripping
tubes could result in more precise morphology control. Similarly, applying theultrasonic
vibrationsinstead of stirring,in the second experiment resulted in the disintegration of the

particles at the cost of morphology.
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