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ABSTRACT

Hydroxyapatite (Cayg (PO4)s (OH) »: HAp) is the principle inorganic constituent in bone and hence widely used
ceramic biomaterials. To effectively control the processing parameters several investigations have been made. With
such a wide variety of methods for the synthesis of HAp nanoparticles, choosing a definite procedure to synthesize a
well distinct powder can be difficult. In general, it is suitable to control the crystal size of materials using surfactant
aided routes. Hence, in our present investigation we try to synthesis HAp crystals using surfactant aided method.
The effect on morphology of HAp using a cationic surfactant cetyl trimethyl ammonium bromide (CTAB) by
hydrothermal reactions is discussed. These crystals were characterized for crystallinity, stoichiometric ratio, and
crystalline size.
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INTRODUCTION

Hydroxyapatite [Cal0(P(OH),, HAp], the prime integrant, constituting nearly %% in bone and teeth, has
attracted a great deal of attention in biomedipaliaations due to its close similarity in chemicamposition with
natural bonfl]. Biocompatibility, biological activity, osteo-indtivity, osteo-conductivity, osseo-integration,idéa
bioresorption, strong ion exchange capacity antitalbd promote bone ingrowths besides aiding regation of
new bones are among the most important propertiglé\p [1-4]. Consequently, used as dental filleaterial, bone
& bone graft substitutes in orthopedic applicatidmrd tissue paste, tissue engineering, biologieasors and drug
carriers [5-7]. Furthermore, HAp has also beenistuifor other non-medical applications, such akipgcmedia
for column chromatography, gas sensors, catalgsts,[2, 9]. Hence, Synthesis of synthetic HAp wimilar
properties to that of natural one is the most engquldopic of extensive biological and physico-cheahresearchnl
recent times to boost the biological activity oflhgxyapatite, the control of size, particle aggloatien, shape and
stoichiometric is essential [2-3]. Therefore, a emof dispensation routes have been urbanizethépreparation
of hydroxyapatite, which includesol-gel processing, co-precipitation technique, lsion, hydrothermal synthesis,
mechano-chemical methods and chemical vapour depo$#-8]. The limitations of these methods ofieclude
(i) precise control over reaction conditions, (@8yge amounts of toxic organic solvents. Howeveejrt physical
properties such as fracture toughness and frastuieagth depend on the crystal structure, composiind sizes
[10]. Therefore it becomes crucial to essentiatiptcol crystallite size, agglomeration surface agtepe, etc. The
use of surfactants in the synthesis of HAp is aahlis to produce lesser agglomerated particles.a8arits are
usually organic compounds that are amphiphllic,taiming both hydrophobic and hydrophilic groups Ekn
soluble in both organic solvents and water. In field of pharmaceutical sciences , the surfactamés used as
emulsifiers , wetting agents solubilizers etc. Tuse of a simple cationic Surfactants cetyltrimethyinonium
bromide (CTAB) in controlling, the morphology andesof HAp is implemented here using hydrothernyatisesis.
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EXPERIMENTAL SECTION

HAp nanopowders were synthesized using the miadlea template system where the mixture of cetydtfiryl
ammonium bromide (CTAB) as the templafmalytical grade Calcium nitrate (Ca (M@ 4H,0) and diamonium
hydrogen phospha{®&H,).HPO,) were used as precursors for calcium and phospieseectively. Along with this,
Analytical grade ammonia and CTAB were also usethénsynthesis of HApA solution of 0.6M (NH),HPO, and
0.1M CTAB were dissolved in 50 ml of double disdl water. The solution was stirred for 30 min védtimagnetic
stirrer to ensure that the cooperative interactaod self-assembly process were completed. Then,ole m
Ca(NG;),- 4H,0 dissolved in 50 ml of distilled water . Then tia (NGQ),- 4H,0O solution were added to the latter
drop wise under continuous stirring, pH of the fioluwas adjusted to 9 using ammonia solution. fite milky
suspension was transferred to an autoclave, hyehotdly treated in an oven at 180 °C for 24 h. Tésulting
precipitates was washed and then oven dried &CL& 20 hours .and further calcinated in a feenat 806C for

2 hours, yielding Hydroxyapatite powder.
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Figure 1: Flow chart of synthesisof HAp

The morphologies of the as-prepared HAP were oksley a scanning electron microscopy (FESEM: S35
Carl Zeiss, Germany) .The energy dispersive X-EX: X-Max, USA) spectra were obtained by a staddamit
(Oxford Instruments, UK) attached to the FESEM. Phase analysis of the HAp powder was analyzed Mithy
diffractometer ( X’pertPro, Philips, Netherland$he D scanning range was from 10°-90° with step timé skc
and step size of@=0.1°. The Fourier transform infrared (FTIR) spestopy (shimadzu, KBr pellet technique)
were used to identify the functional groups preseitydroxyapatite.

RESULTSAND DISSUSSION

The XRD pattern of HAp sample synthesized is showfigure.2. For comparison HAP powder samples vedse
prepared without using surfactant hydrothermallhe Tdiffraction patterns shows sharp and clear ctifies
however with varying intensity which confirms thégse purity and crystallinity associated with eachthe
samples. The XRD pattern, with major diffractiomags located ate2= 25.9° (002), 2 = 31.7 (211), 2 = 32.1
(112), = 32.8(300), 2 = 46.6(222) and 2= 49.4 (213) are found to match with ICDD - PDR&d: 00-009-
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0432. These data confirm that the major phase deokyapatite particles .No other phases was obdeirvehe
XRD pattern, signifying the chief inorganic phadetlee sample is HAP crystal. The particle sizg P, and the
degree of crystallinity (X) is evaluated based on the previous reportsipyldquation (1) & (2) as follows,

th|:K7\./BCO§ (1)
X = (0.24p)° )

Where: K = 0.94 is a constarit;is the wavelength of monochromatic radiatior( 1.5405&); B is defined as
diffraction peak width at half height, expressedradlians, at maximum intensity aé 2 39.75 corresponding to
phase (211). The crystalline size of samples witl@AB was 45.86 nm and that synthesized with 94.8m with

a crystallinity of 1.39.and 1.13 respectively€THRTIR spectra of the samples were shown in Figuteexposed
the characteristic transmittance bands of Hydroagige from 4000 cm to 650cnT. The Characteristics band at
1035cnt is assigned due tal vibration mode of the phosphate group. The Cheristics band at 1085 ctand
968 cm' is due tovl vibration mode of the phosphate group [12, 13je Peak at 3569 chis typical stretching
vibration modes confirming the presence of hydroioy in the apatite lattice [14]. The FT-IR resutigarly
indicate that CTAB functional groups are not inamgied in the HAp.
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Figure 2: XRD patern of (a)Pure HAp (b)With CTAB Figure 3: FTIR of (a)Pure HAp (b)With CTAB

Figure 4 : FESEM of HAp synthesized Without and with CTAB & EDAX
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To screen the influence of surfactants on the nmagugy and size of HAp patrticles, the synthesis pgsscwas
conducted with and without CTAB. The SEM image ltf sample synthesized at 150 °C in the absenc¢hasd
obtained at 180 °C in the presence of CTAB is sh&igure4. As shown in the Fig. 4, in the absencABTthe
HAp particles showcases larger particles with ntag shape (spherical, needle and quasi spheagaglpmerated
non-uniformly 50-200 nm. On the other hand, from $EM photographs of HAp powders synthesized at’C3i
the presence of surfactants , the HAp particle® haiform, long, rod-like morphology with the tgal diameter of
about 40-100 nm. Shanti et al. (2009) obtained d¥ydrpatite rods with diameter 20 nm and lengtthenriange of
100-120um using only cationic surfactant (CTAB)[15]. Yan &t (2001) used an anionic surfactant (SDS) as
regulator of the nucleation and crystal growthhie synthetic method of preparing HA. The obtaingdrbxyapatite
had particles of nanorods structure (150 nm/10 8mbiu et al. (2004) synthesized HA nanorods of&0 nm in
diameter and 0.5-1.2m in length using surfactants of CTAB and PEG 400ese methods inhibit the excess
agglomeration of the particles, since the surfastaan adsorb on the surface of particles. The ED#Alysis
reveals an highly stoichiometric (Ca/P = 1.68) Haith high degree of crystallinity.

CONCLUSION

It is well known that the hydrothermal temperatplays a key role in the controlling the crystalkiee, degree of
crystallinity and the stoichiometriatio [8, 12]. However, the obtained powders waghly agglomerated and their
size distribution is comparatively large. Hencefattant aided route is best used to synthesize puavders,
nanorods and nanoneedles [11, 8, 13]. Thus, Hydrotal synthesis using CTAB as soft template céectbely
control the morphology Also, the effect on the caosipion, crystallite size and stoichiometry of hgdyapatite
particles is investigated.

REFERENCES

[1] H. Ehrlich, P.G. Koutsoukos, K.D. Demadis, OFkrovsky, Modern strategies for the isolationoafanic
frameworksMicron 40 (2009) 169-193.

[2] MS Shojai; MT Khorasani; ED Khoshdargi; A JantihActa Biomater., 2013, 9, 7591-7621.

[3] K Lin; C. Wu; J ChangActa Biomater., 2014, 10, 4071-4102

[4] IS Cho; H-S Kim; S-H Um; S-H Rheg Biomed. Mater. Res., B., 2013, 101B, 855-869.

[5] B Wang; J-J Zhang; Z-Y Pana; X-Q Tao; H-S WaBipsens. Bioelectron.2009, 24, 1141-1145.

[6] Abinaya R, Subha B, Adhilakshmi A and Ravictiean K;IJIRSE ;ISSN (Online) 2347-3207.

[7]1 L Lu; L Zhang; X Zhang; S Huan; G Shen; R Mnal. Chim. Acta., 2011, 665, 146—-151.

[8] S Wang; Y. Lei; Y Zhang; J Tang; G Shen; R YAnal. Biochem.., 2010, 398, 191-197.

[9] W. Weng, J. L. BaptistaJournal of the European Ceramic Society, 1997 ,Vol. 17, pp. 1151-1156.

[10] K. Cheng, W. Weng, G. Han, P. Du, G. Shenyang, J.M.F. Ferreira2003;, Materials Research Bulletin,
Vol. 38, pp. 89-97.

[11] Degirmenbasi N, Kalyon D M and Birinci Eoll. Surf. B:Biointerf. 84 2011, 310-316

[12] S. Kannan, A. F. Lemos, J. M. F. Ferreitaem.. mater. 18 2006, 2181-2186.

[13] J.B. Liu, X.Y. Ye, H. Wang, M.K. Zhu, B. Wangi. Yan.Ceram. Int, 29 2003, 629-633.

[14]Wang, S. Zhang, K. Wei, N. Zhao, J. Chen, X.ngaVater. Lett. 60 006) 1484.

[15] Sergey V. Dorozhkin;2013);International Journal of Chemistry and Material Science Vol. 1(6), pp. 105-174,

190



