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Abstract 

 Mg substituted HAp samples with variable amounts of Mg were synthesized by sol–gel method. 

The samples were sintered in the furnace at 600º C for 2 hrs. The samples were characterized by 

Fourier Transform Infrared Spectroscopy for functional group analysis, X-Ray Diffraction for 

crystallinity and phase purity analysis. 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 19nm-21nm. The EDX results confirmed the elemental composition of the doped and 

undoped samples. Antibacterial activity taken against the bacteria Shigella flexneri shows that 

activity increases with the addition metal dopant Mg. 
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1. Introduction: 

Bone tissue has a 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 [1-

4]. The recent strategies for reconstructing these large bone defects use bone grafting materials 

such as autografts and xenografts. The limitations in those approaches viz., the limited 

availability and poor biocompatibility have all increased the necessity of artificial synthetic bone 

implants incorporating ceramics like calcium phosphate materials on its surface . 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 [5-9]. Thus it 

is commonly used as filler for amputated bone or coating to promote bone in growth over the 

prosthetic implants [10].Important techniques being used are solid state reaction, co-

precipitation, emulsion, etc., and produce HAp in different forms. Magnesium (Mg) is known to 

be an important trace element, particularly during in osteogenesis where it stimulates osteoblast 
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proliferation and its depletion causes bone fragility and bone loss [11]. Furthermore, relationship 

has been suggested between the Mg content in enamel and the development of dental caries.The 

primary objective of this study is the incorporation of Mg ion in HAp by sol-gel method to 

explore the impact of the Mg concentration on HAP crystal structure. The biological apatite 

differs from pure HA in terms of stoichiometry, solubility, crystallinity, composition and other 

biological and mechanical properties. The most interesting research objective is developing new 

biomaterials that better the bone mineral features [12]. Magnesium (Mg) is quantitatively the 

most important bivalent element associated with biological apatite and cells [13]. Magnesium 

ions help in bone mineralization through osteoblast activity [14]. Mg addition has an inhibitory 

effect on HAP nucleation and growth [15]. It has significant contribution in preventing possible 

risk factors of osteoporosis in humans [16, 17–19]. The use of metal ions as dopants can 

determine an augmentation of HAp interactions in cells, and increases the mechanical properties 

of HAP [20, 21]. The Mg-doped HAp has importance in the development of artificial bone 

substitutes. This is owned to the fact that Mg2+ combined with calcium phosphates exhibits 

important role during the spontaneous formation in vivo bone bonding and closely associated 

with the mineralization of calcified tissues [22, 23, 24]. This study says Mg is a key factor in the 

qualitative development of the bone matrix. [25, 26]. 

 

2. Experimental Procedure 

   Calcium nitrate tetra hydrate (Ca (NO3)2.4H2O) was mixed with ethanol and phosphorous 

pentaoxide P2O5 and the solution was stirred in a magnetic stirrer for about 40 mins. After the 

formation of gel the sample was dried at 120ºC for 2 hours. A gelation was formed which was 

dried out by further heating. The dried samples were ground using mortar and pestle. The sample 

was sintered in the furnace at 600º C for 2 hrs. The final product formed was obtained as fine 

white powder. 

To Obtain Mg doped HAp 

Mg-doped hydroxyapatite with different concentration [where x= 0.05%, 0.10%] of 0.1M was 

synthesized by sol-gel method. The preparation of pure HAp was done by dissolving 

stoichiometric amount of calcium nitrate tetrahydrate and Phosphorus pentaoxide in 50ml of 

ethanol in a separate beaker. Both the mixture was stirred for 40 minutes. Magnesium doped 

hydroxyapatite was prepared by dissolving stoichiometric amount of calcium nitrate tetrahydrate, 
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Magnesium nitrate hexahydrate (Mg (NO3)2.6H2O) and phosphorus pentaoxide in ethanol .The 

mixture of sol was stirred vigorously on a magnetic stirrer for 40 minutes for uniform mixing. 

The resultant gel of both doped and undoped HAp was kept in water bath for 2hrs to obtain 

precipitate. The gel was heated at 120°C to obtain dry powder. The obtained powder was then 

annealed at 600°C for 2hrs. Finally a white powder was obtained. 

3. Results and discussion 

3.1 X-ray diffraction (XRD) 

The structural characterization has been done by XRD. X- ray powder diffraction measurements 

was performed at SAIF (Sophisticated Analytical Instrument Facility), Cochin using CuKα1 with 

2θ range from 100 to 1200 and 0.020 step sizes. The comparative XRD profiles are given in figure 

1. The intensity of the Mg doped samples decrease with concentration. This may be due to the 

lower atomic number of Mg (12) compared to that of Calcium (20). The XRD profiles were 

compared with JCPDS data from JCPDS [pdf No. #460905] which confirmed the hexagonal 

structure of the crystals. The lattice parameters from software unit cell have been tabulated in 

table 2. The crystallite size was calculated from full-width-at-half-maximum (FWHM) for the 

diffraction peaks. The crystallite size calculated for the samples is shown in table1. The 

crystallite size of the doped samples decrease with respect to pure HAp which may be due to the 

larger atomic radius of Mg (145 pm) when compared with Calcium (194 pm). 

 

 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 11, Issue 7, July-2020                                                               465 
ISSN 2229-5518  
 

IJSER © 2020 

http://www.ijser.org 

 

 

Fig1 XRD profile of Ca10-xMgx (PO4)6(OH)2 [x=0,0.05,0.10,] nanostructures. 

 Table 1 Crystallite size of Ca10-xMgx (PO4)6(OH)2 [x=0,0.05,0.10] nanostructures. 

 

 

 

Table 2 DETERMINATION OF LATTICE PARAMETERS FROM UNIT CELL 

 

 

 

 

 

3.2 FOURIER TRANSFORM INFRARED SPECTROSCOPY 

 

                              FTIR data was collected from Kalasalingam University, Research centre 

Department of physics, Krishnanakoil Tamil Nadu. The presence of functional groups was 

confirmed using Fourier transform infrared spectroscopy. The spectrum was recorded in the 

 

S.No. 

 

Ca10-xMgx(PO4)6(OH)2 

 

Crystallite size (nm) 

1 X=0  21.22 

2 X=0.05             20.11 

3 X=0.10 19.83 

   Sample       Lattice parameters (Å)     Volume (Å)3 

X=0 9.4407 (0.0001) 6.8811 (0.0001) 531.1199 (0.0092) 

X=0.05 9.4406 (0.0000) 6.8810 (0.0002) 531.1148 (0.0118) 

X=0.10 9.4407 (0.0000) 6.8809 (0.0000) 531.1123 (0.0042) 
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range of 400–4000 cm-1 using KBr pellet technique. The resolution of spectrometer was 4cm-1. 

The representative FTIR spectrum shows all characteristic absorption peaks of HAp. The 

Comparative FTIR Profile is shown in figure 2. Functional Group Analysis of doped samples are 

shown in table 3.The characteristic bands of phosphate and hydroxyl groups, as well as carbonate 

groups, were detected from the FTIR spectra of the samples. The absorption band around 

1643cm-1 is attributed to the presence of CO3
2- in all the samples. The intense broad peak 

between 942 cm-1 and1029 cm-1 is assigned to PO4
3- in samples The peak observed around 3462 

cm-1 is the characteristic peak corresponding to stoichiometric HAp. The Mg doped HAp 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 HPO4
2-substitution.  

 

Table 3 Transmittance data of Ca10-xMgx (PO4)6(OH)2 [x=0,0.05,0.10] nanostructures. 

 

Chemical 

group 

X= 0 X= 0.05 X= 0.10 Remarks 

OH- 3570.2 3570.24 3570.24 Presence of HAp 

 

OH- 3423.6 3417.86 3514.93 Decreases with incresae in dopant 

concentration 

           HPO4
2- 601.79 603.72 603.72 Increases due to doping of Ce IJSER
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 Fig 2 FTIR graph of Ca10-xMgx(PO4)6(OH)2 [x=0.0,0.05,0.10] nanostructures. 

3.3 EMISSION DISPERSIVE SPECTROSCOPY  

From EDS spectra verify the elemental compositions, were verified and no impurity is observed 

for all the samples. Most importantly, the Mg doping process causes the Ca-deficiency. At higher 

amounts of the Mg dopants, the Ca deficiency increases significantly. In other words, it may be 

due to the ionic substitution, which may be occurred due to crystal defect, between Mg and Ca. 

The EDS figures of HAp and Mg doped HAp are shown in the figures 3a-3c. The elements 

present in the samples are tabulated in the table 4. This table shows that Mg has been doped well 

in the crystal lattice. 
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Figures 3a-3c. EDS images of Ca10-xMgx (PO4)6(OH) 2 [x=0.0, 0.05, 0.10] nanostructures 

respectively.  

Table 4 EDS Analysis for HAp and Mg doped HAp 

 

 

 

 

 

 

3.4 TRANSVERSE ELECTRON MICROSCOPY  

Transmission electron microscopy is a microscopy technique in which a beam of electrons is 

transmitted through a specimen to form image. TEM images of Pure HAp and doped Mg 

samples were taken at. Sophisticated Analytical Instrument Facility (SAIF), Cochin. TEM 
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figures show the shape of the Synthesised samples .Fig. 4a-4c shows TEM micrographs of Pure 

HAp and Mg doped HAp 

 

                 

  Fig4a – 4c. TEM images of Ca10-xMgx (PO4)6(OH) 2 [x=0.0, 0.05, 0.10] nanostructures 

respectively.  

3.5 Antimicrobial activity  

Antibacterial activity of compounds against microbial pathogens using well diffusion  method 

Using Well diffusion method antimicrobial susceptibility testing was done at Venture Institute of 

Biotechnology and Bioinformatics Research Centre at Madurai. It was performed by sterilizing 

Mueller Hinton agar media. Antibacterial activity of the extract of compounds was determined 

using well diffusion method. It was performed by sterilizing Mueller Hinton agar media. After 

solidification, wells were cut on the Mueller Hinton agar using cork borer. The test bacterial 

pathogens were swabbed onto the surface of Mueller Hinton agar plates. Wells were impregnated 

with 25 µl of the test samples. The plates were incubated for 30 min to allow the extract to 

diffuse into the medium. The plates were incubated at 30oC for 24 hours, and then the diameters 

of the zone of inhibition were measured in millimeters. The defence mechanisms of the body 

must be supported by the introduction of antibacterial factors, particularly antibiotic therapy. 

This type of therapy is performed using the oral route and is less effective: the dose of the 

antibiotic must be high in order to ensure its appropriate concentration around the inserted 

implant. Each antibacterial assay was performed in triplicate and mean values were tabulated. 

The results of antibacterial activity of shigella flexneri loaded hydroxyapatite. The zone of 

Fig 4b Fig 4a Fig 4c 
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inhibition around pure HAp against Shigella flexneri is given in Fig 5a-5c and  inhibition is 

found around 0.05% .The zone of inhibition is clear at 0.10% . The zone of inhibition increases 

with increase in Mg doped HAp with loaded test organism. The 0.10% Mg doped HAp 

nanoparticles have the greater antibacterial activity than pure HAp. Reading of results was 

carried by measuring width of the zone of inhibition. The zone of inhibition increases with 

increase in Mg concentration. This result shows that doping of Mg enhances the antibacterial 

property of HAp. This factor is appreciable when HAp is implanted in the body for various 

medical purposes. The growth of inhibition against the clinical pathogen shigella flexneri for 

pure HAp and Mg doped HAp are shown in table 5. 

                               

                    Fig4a Pure HAp                Fig4b 0.05% Mg doped HAp 

 

 Fig4c 0.10% Mg doped HAp                                  

Fig 5a -5c Zone of inhibition of Ca10-xMgx (PO4)6(OH) 2 [x=0.0, 0.05, 0.10] nanostructures 

respectively.  

X=0.0 X=0.05 

X=0.10 
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Table 5 Zone of inhibition of Ca10-xMgx (PO4)6(OH) 2 [x=0.0, 0.05, 0.10] nanostructures for 

the micro organism Shigella flexneri 

 

 

 

 

Conclusion 

Pure HAp and Mg doped samples were successfully synthesized by the solgel method. The 

results obtained in the XRD studies demonstrated that the Pure HAp and doped HAp powders 

synthesized by an adapted sol gel method gave hydroxyapatite with a good crystalline structure 

without any new phases or impurities. From XRD, using Debye Scherer’s formula the average 

crystallite size was determined as 19nm to 21nm respectively. The crystallite size decreases from 

the pure HAp which may be due to the smaller atomic radius of Mg compared with calcium. The 

crystallite size was found by taking average for FWHM of all peaks of the samples. Doping of 

Mg causes structural changes which affect the crystalline nature of the sample. EDS figure and 

tables provide the elemental identification and quantitative compositional information. In FTIR 

spectrum the peaks show the presence of different elements. The presence of vibration and 

absorption bands are observed from FTIR .Microbial activity shows that the doping of Mg in 

HAp improves their antibacterial activity which is the desired property for medical applications. 

 

 

 

 

 

Test organisms             Zone of inhibition in millimeter (in diameter)  

      X=0.0            X= 0.05            X=0.10  

 

Shigella flexneri  

 

12 

 

14 

 

15 
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