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Abstract - The aim of this study was to compare the sol-gel and hydrothermally synthesized pure and
magnesium doped hydroxyapatite. Calcium nitrate tetrahydrate, magnesium nitrate hexahydrate and
ammonium dihydrogen phosphate were used as a precursuor for Ca, Mg and P in both methods. The
synthesized powder was sintered at 800ºC. The samples were characterized by Fourier Transform
Infrared Spectroscopy for functional group analysis, X-Ray Diffraction for crystalinity and phase purity
analysis, Scanning Electron Microscopy coupled with Energy dispersive X-Ray for morphological
analysis and (Ca+Mg)/P ratio. Simulated Body Fluid is prepared by using chlorides, carbonates, oxides
and sulphates of alkali metals at 37ºC. The bioresorbability of sol-gel and hydrothermally synthesized
materials has been examined in vitro by immersing in simulated body fluid and measuring the variation
of pH. The results obtained shows that Hydroxyapatite synthesized by both methods are bioresorbable.
However, the hydrothermally synthesized pure and Magnesium doped hydroxyapatite revealed a higher
resorbablity. The FTIR shows the influence of Mg and XRD results confirmed presence of Mg in the
lattice structure of HAP. The crystal size is found to be in the range of 10nm-40nm. Scanning Electron
Micrographs confirms the influence of Mg on the morphology and particle size.
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I. INTRODUCTION
Bone tissue has a high regenerative capacity for self repair on damage. This self repairing process often
fails when the bone defects are too large or the natural healing capacity is insufficient. The recent strategies for
repairing and reconstructing these large bone defects use bone grafting materials such as autografts, allografts
and xenografts. However, limitations in those approaches viz., the limited availability, possibility of disease
transmission and poor biocompatibility have all increased the necessity of artificial synthetic bone implants
incorporating ceramics like calcium phosphate materials on its surface [1]. The biomineral phase, which is one or
more type of calcium phosphates, comprises 65-70% of bone, water accounts for 5-8% and the organic phase,
like collagen, accounts for the remainder. The collagen, which gives the bone its elastic resistance, acts as a
matrix for the deposition and growth of minerals. Among the calcium phosphate salts, hydroxyapatite is the
thermodynamically most stable crystalline phase of calcium phosphate in body fluid [2].
Hydroxyapatite [HAP] constitutes the main mineral components of bone and teeth. Stoichiometric
HAP has the composition Ca10(PO4)3(OH)2 with Ca/P ratio of 1.67 [3]. Thus it is commonly used as a filler to
replace amputated bone or coating to promote bone ingrowth over the prosthetic implants. Recently hip
replacement and dental implants are coated with HAP. It has been reported that this may promote
osseointegration. Porous HAP implants are used for localized local drug delivery in the affected areas of
bones [4]. Due to its growing importance and applications numerous techniques have been reported for the
synthesis of HAP [5]. Important techniques being used are solid state reaction [6], co-precipitation [7], emulsion [8],
microwave synthesis [9, 10], etc., and produce HAP in different forms. Most of these methods have significant
limitations such as low mechanical strength in the coating, high temperature requirement, inhomogeneous
microstructure and loss of crystalinity. In order to avoid such limitations, the hydrothermal method [11, 12] and
sol-gel route [7, 12-17] has been developed.
Many substitutions can be introduced to HAP structure to improve its biocompatibility and bioactivity.
Especially, the presence of strontium (Sr) enhances osteoblast activity and differentiation [18, 19], silicon(Si)
enhances the formation of a poorly crystalline surface apatite layer of HAP after immersing in simulated body
fluid (SBF) [20, 21], Zinc(Zn) incorporated into HAP may promote bone formation around the material and also to
prevent or minimize the initial bacterial adhesion [22, 23], Magnesium(Mg) is known to be an important trace
element, particularly during the early stages of osteogenesis where it stimulates osteoblast proliferation and its
depletion causes bone fragility and bone loss. Furthermore, relationship has been suggested between the Mg
content in enamel and the development of dental caries. Giving the biological relevance of Mg, many
researchers have worked on the preparation of HAP and calcium phosphate implant materials containing low
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level of Mg, which has been showed to improve biological role of Mg [24, 25]. The presence of Mg in HAP
inhibits crystallization, reduces crystal size and decreases the proliferation and activity of osteoblast like cells,
while its deficiency affects all stages of skeletal metabolism, causing cessation of bone growth, decrease of
osteoblastic and osteoclastic activities and bone fragility [1]. In short, it is considered as one of the most
important trace element in HAP.
Hence, the primary objective of this study was the incorporation of Mg ion in HAP by sol-gel and
hydrothermal method and using calcium nitrate, magnesium nitrate and ammonium dihydrogen phosphate
reagents as a precursors and to explore the impact of the Mg concentration on HAP crystal structure and as well
as to compare the chemical and biological properties of the pure and Mg doped HAP synthesized through these
methods.
II. EXPERIMENTAL METHODS
A. Reagents
Reagent grade chemicals such as calcium nitrate tetrahydrate Ca(NO3)2.4H2O, magnesium nitrate
hexahydrate Mg(NO3)2.6H2O, ammonium dihydrogen phosphate NH4H2PO4, liquid ammonia and absolute
ethanol (99%) obtained from Merck and used as starting chemical precursors. All solutions were prepared either
in pure ethanol or in double distilled water.
B. Sol-Gel method
To synthesis magnesium doped HAP through sol-gel processing, target amount of Mg(NO3)2.6H2O
from 0, 0.1, 0.3 and 0.5mole ratios were incorporated into the sol of Ca(NO3)2.4H2O. The mixture of Ca and Mg
was stirred for 1 hour. The sol was added drop wise into the NH4H2PO4 with vigorous stirring at a temperature
of 85ºC. The pH of the sol was maintained by using liquid NH3. As a result of the above process, the soprepared solutions were transformed into white gel after a period of 4 hours and it is further aged at room
temperature for 24 hours. The aged gel was dried at 100ºC and sintered at 800ºC for 2 hours.
C. Hydrothermal method
In hydrothermal technique, Ca(NO3)2.4H2O and Mg(NO3)4.6H2O were prepared in double distilled
water and the pH was adjusted to 11 with liquid NH3, in which molar ratio of the Ca to Mg were maintained at
0, 0.1, 0.3, 0.5 M respectively. The mixture of Ca and Mg ions was stirred for 1 hour on room temperature. The
above mixture was added drop wise to the solution of NH4H2PO4 and brought to pH 11 using liquid NH3 with
vigorous stirring for 2 hours to produce white precipitate. The precipitate was then kept in a Teflon coated
autoclave at 150ºC for 5 hours. The precipitate was filtered, washed repeatedly with double distilled water and
dried in air oven at 100ºC. The resulting powder was finally sintered at 800ºC for 2 hours.
D. Characterization
Appropriate techniques were used to characterize thus synthesized powders. The crystalline phases
present were identified by X-ray diffraction (GE-X-Ray Diffraction-XRD 3003 TT) using Cu Kα radiation at 50
kV voltage and 100 mA current, the agglomeration, morphology and particle sizes and the Ca, Mg and P content
of the samples were determined with Scanning electron Microscope (SEM), the instrument Philips 501 scanning
electron microscope (SEM) equipped with energy dispersive X-ray microanalysis (EDX). The samples were
coated with thin layer of gold using Edwards sputter coater S150B instrument. Fourier Transform Infrared
spectroscopy (Agilent cary-630 FTIR spectrometer) was employed to identify the functional groups. The invitro bioresorbability tests of the samples were conducted by immersing samples in simulated body fluid (SBF)
at pH 7.4. The SBF solution was prepared by using kokubos protocol [26]. Each sample (1mg/ml) was immersed
in 50ml of SBF at 37ºC for 14 days. The pH of the SBF solution was measured (ELICO LI 120 pH meter) every
day during the soaking periods of 0 to 14 days.
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III. RESULT AND DISCUSSION
A. Infrared spectroscopy

Figure 1: FTIR spectra of pure and Mg doped HAP
Figure 1 are represents the FTIR spectra sol gel and hydrothermally produced pure and Mg doped HAP
samples. All these samples displayed the vibrational modes of PO43- and OH group characteristics of HAP.
There is a broad envelope between 3600cm-1 to 3200cm-1 which represents to OH stretching vibrations of water
and HAP. The peak around 1636cm-1 is assigned to bending mode of water. The absorption band around 1412,
1423cm-1 is attributed to the presence of CO32- in the samples. The intense broad peak between 900cm-1 and
1100cm-1 is assigned to PO43-. Kuriakose et al [5] reported dissolving of atmospheric CO2 to CO32- based on the
peak of 1456cm-1 and 873cm-1 as the crystallization was carried out in pH 11. The peak observed around
3570cm-1is the characteristic peak corresponding to stoichiometric HAP. Previous reports suggested, the MgHAP shows decreased intensity of OH vibration modes at those bands with respect to HAP samples. It can be
explained by the increased lattice due to HPO42- substitution [1]. As seen in figure 1, it was evident that the
intensity of those peak decreases with increasing the Mg content.
B. X-Ray Diffraction Analysis
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Figure 2: XRD pattern of pure and Mg doped HAP
XRD data of pure and Mg doped HAP of sol-gel and hydrothermal techniques were recorded in the 2θ
range of 10º to 70º. The resulting XRD patterns were shown in Figure 2. The HAP diffraction peaks for all
samples according to standard JCPDS cards, indicating that the Mg ion entered into the crystal lattice HAP and
occupied Ca2+ sites. In XRD pattern indicates that all the synthesized samples are composed of pure apatite
phase (no secondary phase) except sol-gel synthesized 0.5M Mg doped HAP. The sharp peaks conforms they
were well crystallized. The relative intensity of major diffraction peaks decreased and some peaks disappeared
with increasing Mg content. HPO42- peak was observed in 0.5M Mg doped HAP in sol-gel technique, another
significant observation was the conversion of from hexagonal to rombo hedral phase according to the JCPDS
card no 00-6190. The crystal size of the all the samples were calculated by using Debye Scherrer relationship
based on line broadening in the XRD pattern.

The average crystal size of sol-gel synthesized pure HAP was 25nm, where as the average size of the
crystals obtained from 0.1, 0.3M Mg doped HAP was 34nm. The increase in particle size may be due to the
destruction in HAP crystal structure. However, with 0.5M Mg doped HAP the crystal size was 16nm it may be
due to the contraction in crystal structure. In hydrothermal method, the crystal size of pure HAP is 10nm, where
as in 0.1, 0.3, and 0.5M Mg doped HAP the crystal size was 21nm, 19nm and 20nm. Compared both sol-gel and
hydrothermal method, hydrothermally synthesized samples has smaller crystal size than the sol-gel synthesized
samples.
C. SEM/EDX evolution

Figure 3: SEM images and EDX spectra of pure and Mg doped HAP
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The morphological features and EDX patterns of the pure and Mg doped HAP obtained through sol-gel
and hydrothermal method was illustrated in figure 3. The EDX results conforms the existence of the elements
such as Ca, Mg, P and O besides it can be seen that the (Ca+Mg)/P ratio varies from 0.97 to 1.59, which
indicates that the formed HAP is deficient in calcium content. The (Ca+Mg)/P ratio of the prepared samples
depends on the pH value and dopants concentration. In sol-gel synthesized samples, the pure HAP consist of
agglomerated HAP particles of uneven shape, whereas, in 0.1 and 0.3M Mg doped HAP revealed a sphere form
with little agglomeration. In 0.5M Mg doped HAP produced uniformly arranged sphere shape.
In hydrothermally synthesized samples, the pure HAP revealed similar agglomeration of fine
crystallites that cannot be seen individually in micrographs because of their small size. The 0.1 and 0.3M Mg
doped HAP, produced rod like structure and 0.5M Mg doped HAP produced sphere shape. As dopant
concentration increases, rod shape changes to the sphere one. The average particle sizes of both sol-gel and
hydrothermally synthesized samples were around 10 to 100nm.
D. In-vitro Bioresorbability Analysis

Figure 4: in vitro bioresorbability of pure and Mg doped HAP
Bioresorbability analysis of the pure and Mg doped HAP of sol-gel and hydrothermally synthesized
was illustrated in figure 4. The test illustrates the dissolution of ions from the HAP (increase in pH) lattice and
utilization of those ions (decrease in pH) for further apatite growth in SBF. Both solubility and resorbability
processes are dependent on soaking time. Samples from both methods showed an initial pH increase with
increase in immersion time and subsequent decrease. Initial pH increases is due to the release of Ca, Mg and
PO43- ions from the samples. The pH raise depends on solubility of the HAP and also with immersion time in
SBF. From the figure 4, it is clear that there were notable evidence for solubility and resorbability of all the
samples but dopant concentration and particle size influence the extent of both processes. The hydrothermally
synthesized material was more soluble and resorbable.
IV. CONCLUSION
In this study, various concentration of Mg-doped HAP powders were synthesized by two different
methods namely sol-gel and hydrothermal. The FTIR results indicated that the hydroxyl and phosphate peak
intensity decreases with increasing Mg concentration. The XRD data showed the lattice parameters of HAP are
influenced by Mg as a dopant. The Mg was well incorporated with the HAP lattice. The calculated crystal size
through hydrothermal route having the lower crystal size compare to the sol-gel. Variations in morphology of
HAP were observed with Mg content as well as with synthetic methodology. EDX analysis performed for
determining the (Ca+Mg)/P ratio, HAP by the hydrothermal route produced nearer stoichiometric value then the
sol-gel route. The bioresorbability of HAP can be altered by dopant concentration and particle size. Hence, the
hydrothermal route was more bioactive than the sol-gel route. The obtained pure and Mg-doped HAP can be
used for various biomedical applications.
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