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ABSTRACT. Hydroxyapatite (HAP) -Ca10(PO4)6(OH)2 is a biomaterial exhibits excellent biocompatibility and finds numerous applications in clinical as well as industrial field. Synthetic HAP is extensively used in bone repair and bone augmentation by acting as fillers in the bone fractured sites. In the present study the synthesis of L-alanine functionalized HAP nanoparticles is carried out using the surfactant mediated approach and characterized by different techniques. The FTIR spectra revealed the presence of amino acid in the sample. The powder XRD study indicated no major change in the crystal structure and alternation of unit cell parameters. The average crystallite size of L-alanine functionalized HAP nanoparticles is smaller than the pure HAP nanoparticles. The TEM images indicated change in the morphology from needle to spherical with reduced size. The slight reduction in the thermal stability after functionalization by L-alanine is observed from the TGA.

Introduction. Hydroxyapatite (HAP or Ca10(PO4)6(OH)2) is a bio-mineral exhibiting bio-compatible and bi-active nature. It finds many clinical applications such as bone and tooth implant materials [START_REF] Gshalaev | Hydroxyapatite: Synthesis, Properties and Applications[END_REF], [START_REF] Frayssinet | Bioartificial Hydroxyapatite Implants[END_REF], [START_REF] Marino | Dielectric determination of bound water of bone[END_REF]. The functionalization of the HAP nano-particles by amino acids has synergetic effects on their structural, morphological and surface properties [START_REF] Palazzo | Amino acid synergetic effect on structure, morphology and surface properties of biomimetic apatite nanocrystals[END_REF]. The functionalizing HAP with amino acids has resulted in to high protein adsorptive capacity [START_REF] Palazzo | Amino acid synergetic effect on structure, morphology and surface properties of biomimetic apatite nanocrystals[END_REF]. It is possible to extend and fine-tune the bioactivity of nanoparticles like HAP by surface functionalization using water-soluble biomolecules. In this regard, amino acids are ideal candidates for the production of bio-inorganic HAP nanoparticles and bio-nano-composites due to their relative low cost, intrinsic biocompatibility and ability to interact with HAP surfaces [START_REF] Gonzalez-Mcquire | Synthesis and characterization of amino acid-functionalized hydroxyapatite nanorods[END_REF].

In the present study the authors have selected L-alanine for the functionalization of HAP and compared it with the pure HAP.

Materials and Methods.

The HAP nano-particles were synthesized by the surfactant mediated approach. Calcium nitrate hexahydrate (Ca(No3)26H2O), potassium dihydrogen phosphate (KH2PO4), Triton X-100, aqueous ammonia (all AR grade) were used as precursors. Initially, 2 ml of Triton X-100 was mixed with 100 ml of 0.3 M calcium nitrate hexa-hydrate aqueous solution and, thereafter, the 100 ml of 0.18 M potassium dihydrogen phosphate aqueous solution was added and the mixture was treated with aqueous ammonia to set the pH 9 with constant stirring and heating at 60°C temperature. This resulted into milky white solution with precipitates. The precipitates were recovered by filtration (Whatman filter paper No. 1) and washed with the mixture of ethanol and de-ionized water and then dried in air at room temperature. The L-alanine functionalized HAP (Al-HAP) nano-particles were synthesized by adding 100 ml of 0.6 M concentrations of L-alanine aqueous solutions to the solution of calcium nitrate hexa-hydrate before the addition of surfactant and, thereafter, the same experimental procedure was repeated. Here, calcium to phosphate ratio was maintained 1.67 and the synthesized samples were labeled as Al-HAP and the pure sample as HAP. This method is briefly discussed by Jogiya et al. [START_REF] Burton | The growth of crystals and the equilibrium structure of their surfaces[END_REF].

The Powder X-ray Diffraction (XRD) study was carried out on Bruker AXS D8 Advance setup using Cu (Kα1) radiation and the data were analyzed by software Powder X. The Transmission Electron Microscope (TEM) analysis was conducted to determine the morphology and size of the synthesized nano-particles using TECNAIKA20 (Philips) setup operating at 200 kV potential. The Fourier Transform Infrared (FTIR) spectra were recorded on Thermo Scientific Nicolet 1510 in KBr media in the range of 400cm -1 to 4000cm -1 . The Thermo-Gravimetry Analysis (TGA) was carried out on LINSEIS 1400 in atmosphere of air at heating rate of 15°C/min. Result and Discussion. Figure [START_REF] Gshalaev | Hydroxyapatite: Synthesis, Properties and Applications[END_REF] shows the XRD pattern of the pure HAP and Al-HAP, which is in good agreement with reference pattern (JCPDF-76-0694) of pure HAP. The broadening of the peaks confirms the nanocrystalline nature of the sample. Crystallite size is calculated from (002) plane using the Scherrer's formula. The presence of L-alanine markedly reduced the particle size which may be due the adsorption of amino acid on the surface of HAP. The unit cell parameters are calculated using powder-X software which is given in (Table 1). The monoclinic crystal structure has been found for the present nanoparticles. The agglomeration is taking place to minimize the energy. The functionalization affected the morphology of the nano-particles from needle shape to spherical shape. The needle shape morphology of pure HAP is due to growth in {100} direction, the functionalization affects the morphology by reduction in growth in {111} direction [START_REF] Hollander | A two-dimensional Hartman-Perdok analysis of polymorphic fat surfaces observed with atomic force microscopy[END_REF][8]. The observed particle size is ranging from 10-30 nm. The FTIR spectra of the pure HAP and Al-HAP are shown in figure 3. The absorption peak located at 3370.7 cm -1 and 1641.5 cm -1 are due to the stretching and deformation of (O-H) vibrations. The peak observed at 2896.2 cm -1 and 2776.6 cm -1 correspond to the -CH3& -CH2-in aliphatic compound.

The small hump 3033.2 cm -1 indicates the NH3 + stretching in amino acid. The characteristic of the PO4 3-group of HAP is clearly observed in the spectrum. The strong absorption peak observed at 1053.2 cm -1 is due to asymmetric mode of PO4 3-here, the shifting of the peak from 1036.6 cm -1 to 1053.2 cm -1 is due to L-alanine. The medium peak observed at 564.2 cm -1 and 526.6 cm -1 is attributed to the bending modes of PO4 3-.This suggests successful functionalization of L-alanine with HAP.

Figure 4 shows the thermo gram of Al-HAP. The weight loss observed in Al-HAP is slightly more than that of the pure HAP. For the pure HAP nano particles the sample remained stable up to 100 0 C temperature with only 0.5% weight loss and then it slowly decomposed up to 900 0 C temperature. At 900 0 C temperature only 1.7% weight loss was observed. The Al-HAP sample shows more weight loss with comparison to the pure HAP. Being an organic content the L-alanine destabilized earlier and this can be the reason of more weight loss. This further proves the successful functionalization of L-alanine with HAP.

Summary. Pure HAP and Al-HAP has been successfully synthesized by using surfactant mediated approach. The functionalization of L-alanine is confirmed by FT-IR. The powder XRD study confirmed the monoclinic crystal structure with reduced average crystallite size due to functionalization of HAP by L-alanine. The TEM images indicated morphological change from needle to spherical and also confirmed that the size is in the range of nm. The TGA suggested less thermal stability of the Al-HAP samples compared to pure HAP due to functionalization.
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