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ABSTRACT

The synthetic Hydroxyapatite (HAp) nanoparticles axtensively used to significantly improve thempatibility
and bioactivity of man-made biomaterials. A wideiety of methods are available for the preparatiohHAp
nanoparticles, choosing a procedure to synthediZerispecific requirement is laborious. Hence,our present
investigation we try to evaluate the Hydroxyapatitgstals synthesized in four different methodasgiThe
methodologies used to synthesis the hydroxyapatteparticles via hydrothermal, sol-gel, precipitet and
microwave methods. The calcium and phosphorus pecsiwere chosen with molar ratio of 1: 0.6 to izste the
synthetic bone like apatite. The prepared sampiés different synthetic methods were characterimethg XRD,
FE-SEM, EDAX and Raman to ascertain the crystaliiize, phase structure, morphology, stoichiome#to and
the functional groups present in the resultant loygapatite nanopatrticles.
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INTRODUCTION

Hydroxyapatite (HAp) is the principal inorganic abituent present in hard tissues, dental enamelsdantins of
Homosapiens, possessing a molecular formula ef(P@,)s(OH),. Hydroxyapatite ceramics belongs to a class of
phosphate-based materials, which have been widelgt as bone substitutes. Due to the chemical sityilzetween
HAp and mineralized bone of human tissue, synthéfp exhibits strong attraction to bone hard tisde@mation
of chemical bond with the host tissue offers HAgraater advantage in clinical applications thantrotiser bone
substitutes. Synthesising of HAp with similar prdjes to that of natural one is the most exploggaa of extensive
biological and physico-chemical research [1-2]. THAp exhibits properties like biocompatibility, bimical
activity, osteo-inductivity, osteo-conductivity, sED-integration, stable bioresorption, strong igchange capacity
and ability to promote bone ingrowths besides a@idegeneration of new bones [1-4]. Hence, it sdusidely as
dental filler material, bone & bone graft substtuin orthopaedic applications, hard tissue pésgje engineering
[5-6], biological sensors [7-9], drug carriers/idety devices [10-11] and alveolar ridge [12].

However, synthetic HAp find only limited use in thabearing applications due to low toughness (028-1.
MPa.+/m), poor flexural strength (<140 MPa), high britéess and lower hardness [5, 13-14]. These limitatiame

overcome either by physical incorporation of sugaiaterials viz. polymers [15-16], metals nandipkes [17-20],
metal oxides [21-23], carbon materials [4, 24] ,etc.by adopting suitable processing techniques sis thermal
spraying, microwave processing and sintering toaanl the mechanical properties required for loaaribg

applications. On the other hand, the reductionasfigle size from micro to nano level also sigrafitly improves
the mechanical properties, toughness and hardrietbe dHAp besides improving their biological acties [3, 5,

14]. Moreover the addition and/or replacement (s8tuton or co-substitution) of metal ions viz., N&, Ag, Zn,

Mg, Sr, Cu, Ba, Fe, Ce, Si, Bi, Ti and Cd instedccalcium in the HAp lattice also improve the megical

properties along with solubility, crystallinity, mahology, lattice parameters and biological acfiy&, 25-33].
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Synthetic wet methods, yielding tailor made pagtisize and morphology to improve the mechanicgbgnties are
found to be highly attractive. Various syntheticites are reported under the wet chemical preparafiblAp. The

most important methods being chemical precipitattofdrolysis, sol-gel, hydrothermal, micro emulsiomlecule

direct crystallization, bio-mineralization, diffusi, gravity-assisted, microwave assisted, precursmsformation
and sonochemical methods [1-2]. Hence, it is pentirto identify an inexpensive and simple methogplavhich

facilitates the precise control of particle sizerphology and chemical composition. Further thes¢hods depend
on the controlled parameters such as nature anckotmtion of precursors, additives, reaction tenajpees, pH,

aging temperature, duration of aging, calcinatiemgerature and duration of calcinations to prodiemired

particle size and morphology [2, 34-36].

The chemical precipitation, hydrothermal, sol-gadl anicrowave methods facilitate the precise corifdhe above
parameters. These methods are versatile in endfigierecy, economic, eco-friendly, manageable tiamel ease of
operation without warranting high end equipmentoddh there are certain limitations associated wdtbh of these
methods, the present work aims at comparing thalslily of these methods in preparing a pure phesestalline

HAp with required morphologies and particle sizader our experimental conditions.

EXPERIMENTAL SECTION

2.1. Materials
Reagent grade calcium nitrate tetra hydrate (CaJ}M,0), diammonium hydrogen phosphate ((\WHPO,) and
liquid ammonia (NH) from Merck chemical were used.

2.2. Architecture of HAp
The precursors used in the study of Precipitati®R)( hydrothermal (HT), sol-gel (SG) and microwdMW\V)
preparation of hydroxyapatite were calcium nitraahydrate (Ca(Ng, 4-H,O as a source of calcium ions and

diammonium hydrogen phosphate (NHPQ,) as the phosphorus precursors. The molar ratprexdursors Ca/P
was taken as 1.67. The precursors were maintaiagt gor all the preparation methods. A solutionOBM
(NH,),HPQ, was added drop wise into 1M Ca(jg4H,O solution with continuous stirring at room tengtere
for two hours resulting in white precipitate. Ugiammonia solution the final pH was adjusted to01The
chemical equation that describes the formation Ap ké

10Ca(NQ),.4H,0 + 6(NH), HPO+ 8NH,OH — Ca(POy)e(OH),+ 20NH,;NO; + 46H,0 (1)

In precipitation and microwave synthesis, afterdabeve step the aging was done under continuausgtin room
temperature for 24 hours. The white precipitateaintetd was filtered and washed repeatedly withliidtivater in
precipitation method, whereas in microwave synthesfter aging, the resultant suspension was exptsed
microwave irradiation for 25 minutes in a domesticrowave oven. The hydrothermal synthesis invobgisg of
the reaction mixture in an autoclave for 2 hour$%a°C. Then, suspension was allowed to cool niiyuialowed
by filtering. In the sol-gel process, Ca(jye4H,O sol was prepared using ethanol and stirred foodr. This sol
was added drop wise into the (EHPO, solution with vigorous stirring at a temperaturfe86°C. The pH was
adjusted at 11.0 using liquid ammonia. The prepacddtions were transformed into a white gel aftqreriod of 4
hours and it is further aged at room temperaturfphours. The aged gel was dried at 100°C foh@4#s. The
HAP crystals obtained with these methods were giouith a mortar and pestle and sintered at 800°€ rimuffle
furnace under an air atmosphere for 2 hr. Thusimddasamples were subjected to further characteriza

2.3. Characterizations

2.3.1. Functional group Identification: Raman measurements were carried out using ligh¢510nm excitation
source using confocal Raman spectroscopy (NanophBaiman-11i). The Raman spectra of the samples were
obtained in the spectral range from 2500 to 0'cll samples were analysed with similar transnaiesior the sake

of comparison purpose of peak intensity with crisiiay.

2.3.2. Phase analysis. Phase analysis of thus organized HAP were cawigdby the X-ray diffraction (XRD)
technique using a diffractometer ( X’pertPro, Risli Netherlands). The®scanning range was from 10°-90° with
step time of 1 sec and step size 6=D.1°. Debye- Scherrer approximation was used topete the average
crystallite size.

D= KA / pCo9 (2

where: K = constant dependent on crystallite sh@fe< K < 1.1; K = 0.94 for FWHM of spherical ctgs with
cubic symmetry) is the wavelength of monochromatic radiatior( 1.540%\). B is defined as the full width of

232



J. AnitaLett et al J. Chem. Pharm. Res., 2015, 7(2):231-239

peak from the intensity distribution pattern measlat half of the maximum intensity valug,Ds the particle size,
as calculated from (hkl) reflections,is the wavelength Cu dradiation (1.54060A)p refers to the full width at
half maximum for the diffraction peak under consad®n (in radians) is the diffraction angle).

The degree of crystallinity (X can be evaluated by the following equation 3 dasethe previous reports (37).
Xe= (0.24p)° (3)
Wherep represents the full width at half maximum for irecise diffraction peak of miller’s plane.

2.3.3. Microstructural characterizations. The microstructures and morphologies of the HARBtals were studied
by field emission scanning electron microscope (RESEupra VP35 Carl Zeiss, Germany) .The energyatispe
X-ray (EDX: X-Max, USA) spectra were obtained bystandard unit (Oxford Instruments, UK) attachedhe
FESEM.

RESULTSAND DISCUSSION

3.1. Raman Studies:

The Raman spectra of the samples are depictedl fiireafour methods in Fig. 1.0. The spectrum fokpgHshows
bands at 428, 583, 959, 1042 and 1071 .cfine peak at 428 chncorresponds to the factor group splitting of the
bending vibrations of the Bbion, the peak at 583 chtorresponds te, fundamental vibrational mode which arises
from the triply degenerate bending vibrations. Baed at 959 crhcorresponds to the symmetric stretching modes
and is designated as fundamental vibrational mode. The two peaks at216di* and 1071 cr are due tov;
asymmetric stretching vibrations of the P—O borg840]. The peak intensity in the Raman spectemitdication

of crystallinity [41]. From our experimental coridits the peak intensity is in the order of MW, & and HT
methods. The MW method reveals higher crystallinityl may be due to the homogeneous heat distnibdtiong

the crystal formation and the possibility of higloeientation.

9594 10431071

Intensity (a.u)

=T T
1000 1500 2000

. -1
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Figure.1l Raman spectra of HAp synthesized using four different method

3.2. FESEM studies :

FESEM morphology of the samples obtained by théemifit method is shown in Fig.2. In precipitatioethod
highly agglomerated crystals with uneven structwese observed (figure.2.a.). Numerous sphericdl @ate like
crystals were observed and are found agglomeratgettter to form a rod like shapes. Renu Sharnal bave
reported the formation of micro-structured HAp wéiimilar morphology with a strong dependence ofphotogical
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features of HAp with respect to the final pH of g@ution during synthesis [42]. The attributed laggeration may
be due to hydrogen bonding ability between HApipiad and also due to higher affinity of Hydroxytaparticles
to form different phase of calcium phosphates [6B-4

Hydrothermally synthesized HAP sample (Fig.2.b)vet a well distinct and uniformly distributed sphel plate
like crystals with insignificanagglomeration. Previous reports counseled the fiomaf HAp retaining plate (47),
sphere (48), whiskers (36, 49), cubic, feather @) rod (51) like morphological features on vagyexperimental
parameters like chemical composition, pH, ageingprature and time, and sintering temperature (B2hdi Sadat-
Shojai et al reported that the HAp nanoparticlegisysized at alkaline conditions were more sphedcalose to
spherical in shape and around 50 nm in size, ajhn@ome particles could also elongate up to maximus0 nm,
resulting in very short nanorods. Architecture pherical morphology is anticipated due to the hgdth value,
ensuring an isotropic or weak-anisotropic growth amsorption of OHions strongly on the calcium phosphate
crystals resulting in spherical nanoparticles ormaist very short nanorods. Simultaneously, at lop#r an
anisotropic growth occurs, crystals cultivate thesreither one-dimensional nanorods / two-dimensiomaoplates /
three-dimensional feathery structure / three-dinograd micro cubes, or three-dimensional microfibénsleed, an
entangled shape of the CaP crystals can be fortdedier pH [50, 53].

The Hydroxyapatite synthesized by sol-gel (SG) stames smaller particles with irregular shape ($pdlemeedle
and quasi spherical) agglomerated non-uniformlgFé.2.c). Solution parameters, aging time and gingptime
plays a major role in controlling particle dimemnsso Spherical shape are harvesting by quick addafgphosphate
precursor agqueous solution into (Ca@iethanol solution under vigorous stirring, wheresésckened addition
results in nanorods. [54]. Calcium nitrate whenduas calcium precursor forms HAp particle that spberical and
agglomerated [55]. The aging time has an impacgpanticle size. The particle size decreases fronrani¢o nano
with increase in ageing time. Based on the aboverences, we can justify the result for the perfedm
investigational situation with calcium nitrate adoium precursor and aging conducted for 24 hour.

200 EHT =20.00 kv Signal A= SE2 bate smar2014  centrefomanotechnology.com (’) EHT =20.00 kV Signal A=INLens  pue syarzora  centrefomanotechnology.com
— WD = 8.1 mm Mag = 107.57 KX Time:2147:40  Sathyabama University b — WD = 7.9 mm Mag = 50.54 KX Time:21:37.07  Sathyabama University f-:;t

EHT = 2000 kV Signal A= InLens Date :29 May 2014
WD = 7.2mm Mag = 10358 K X Time :14:05:38

EHT =20.00 kV Signal A=lInlens  pae 5 var 2014 cantrefnmanuts:hnology com (P‘)
WD = 6.9 mm Mag = 119.79 KX Time 220003 Sathyabama University \»-y

Figure.2 Field Emission Scanning Electron Micrographs of HAp synthesized using (a) PP, (b) HT, (c) SG and (d) MW
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The samples produced by microwave method (Fig\®die spherical and agglomerated with unique netvikek
dimension. Siwaporn Meejoo et al prepared a nan@ Mi& precipitation followed by microwave irradi@ti with
particle size around 100 nm as well as these s in good agreement with our results. The garti
agglomerations can be due to (i) the short randeroé in which the particles are held togethgrtfie force between
the particles may be electrostatic or van der Vgaatfractions (iii) liquid capillary forces due poesence of liquid
within the granules [56]. Byong-Taek Lee et ald#d the synthesis of HAp and biphasic tricalciuhogphate
(BCP) powder with effect of pH and microwave hegtand reported the formation of spherical parttie to the
shorter reaction time in the microwave system wintlibits the further crystal growth. The higheeegy supplied in
short time during irradiation could be a reasontf@r decrease of the surface energy of the sym#gtgiarticles and
thus hinders the further crystal growth [57].

3.3. EDX studies:

The EDX spectrum of HAp samples were shown in BigThe data confirmed the presence of calcium and
phosphate. Based on the EDX analysis the raticad® @Qvas calculated as 1.87, 1.68, 1.54 and 1.7RPRoHT, SG
and MW methods respectively. The precipitation mdtehowed higher Ca/P ratio due to more complegtiga
with different phases of calcium phosphate fornmatimder our experimental condition. The hydrothéiyma
synthesized HAp was highly stoichiometric due t ¢fevated aging temperature. The lowered Ca/® iratiol- gel
method can be accounted due to slower reactiohdgélation process and formation minor quantfiesCP, the
presence of3-TCP is further supported by the XRD analysis. Doethe faster reaction rate and effective
transformation of energy the microwave synthesisretl slightly higher stoichiometric HAp. Form thalculated
results the stoichiometric ratio of Ca/P was fodadvary from 1.54 to 1.87 in the order of SG>HT>MRR
methods.

Quantitative results
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Figure.3 EDX spectrum and quantitative results of HAp synthesized using (a) PP (b) HT (c) SG and (d) MW

3.4. XRD Studies:

The XRD pattern of all the synthesized HAp is prtsé in the figue.4 and the crystal structure stsidire shown in
figure.6. The diffraction patterns show sharp aledr reflections however with varying intensityiefhconfirm the

phase purity and crystallinity associated with eatlthe samples. The XRD pattern, with major diffion peaks
located at 2 = 25.9° (002), 2 = 31.7 (211), 2 = 32.1 (112), 2 = 32.8(300), 2 = 46.6(222) and@= 49.4 (213) are
found to match with ICDD - PDF2 card: 00-009-043Rese data confirm that the major phase as hydpatifa

particles. Absence of calcium phosphates and caloixide are clearly identified except for samplepared by sol-
gel method. The crystallite sizes obtained werénrange of 43 to 106 nm. The particle size waedan the order
MW ( = 106nm) > PP & 62nm)> SG & 48nm) > HT € 44nm) ( Fig.5.0). The crystallinity of the sampleas
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calculated based on equation 3.0. The degree sfatlipity is also found to be in the same ordethat of particle
size ie.17.23>4.02>1.85>1.39 respectively for MVP, BG and HT. Higher alkaline conditions are regmbrio
produce phase pure HAp, phase purity observed auithrsamples are thus justified. As discussed eaHe crystal
size and crystallinity of HAp are influenced bycetan conditions and path way.

é%
'LF!
&
(220, 151)
?
:

Intensity (a.u)

Diffraction angle (20)
Figure.4 X-Ray Diffraction studied of HAp synthesized using four different Methods (PP, HT, SG and MW)
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Figure.5 Comparative plot of Crystal sizeand crystallinity of HAp synthesized using four different methods (PP, HT, SG and MW)
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Hence, crystallinity of our samples also differshmeach method. E.K. Girija et al studied the dffdntering on

thermal stability of HAp processed through preaipitn method, based on the results the high terhperaintering
carried out with our samples produce crystallif@y].

Figure.6 Crystal Structure Studies of HAp synthesized using four different methods (a) PP, (b) HT, (c) SG and (d) MW

Hydrothermal process offers direct nucleation anydtallization of HAp particles besides the highmperature aging
resulted in the absence of any precursor phasesdigalcium phosphate anhydrous and dicalcium giaisp
dehydrate. The higher duration of aging also ecésithe above process [50,58]. A minor secondaagelofp-
tricalcium phosphate was observed along with HAsdhgel process. ThB-TCP co-precipitated as an impurity
phase together with HAp, might gradually disappasrthe aging time increased. Hence, a criticalgagime is
essential requirement for obtaining phase-pureitepf®9-60]. Moreover, HAp crystals are decomposety after
1200°C into tricalcium phosphate and CaO. So olesETCP in our experiment is only originated as -p@zipitate
during synthesis under the initial stage of reacti61-62]. The microwave irradiation method prodiideetter
crystallinity and higher crystal size. Similar dyesis of HAp produced better resolved diffractiorals and
suggested the microwave condition promoting thesnrasnsport to the central growing crystal from tiegghboring
ones resulted in growth of many more crystal pld56k

CONCLUSION

The projected techniques for synthesis of nano blyhapatite through HT, PP, SG and MW were compdoed
their phase purity, crystallinity, morphology amgstal size. The Influence of methodology on reactemperature
and aging condition harvested Hydroxyapatite ctgstédth diverse properties. Among these entrenamethods,
hydrothermal method is more suitable for nano Hygapatite preparation. However microwave scheme is
appropriate for preparing high degree of crystallidydroxyapatite. The results of semi quantitatbvemical
analysis acquired by energy-dispersive X-ray spsctpy (EDS) reveals superior stoichiometric HAR/fC =
1.68), close to theoretical value (Ca/P = 1.67) acseved by hydrothermal approach.
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