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Abstract 

This research focused on the mechanical electrical and biological properties of magnesium 

doped (Mgx, x = 0.5 - 2.5 mol%) hydroxyapatite(Hap) using chemical method. It was observed 

that addition of magnesium produced the secondary phase (whitlockite) depended on the 

concentration of magnesium using the XRD, FTIR and Raman techniques. These two phases 

forming BCP(Biphasic) are beneficial from the implant point of view. The dielectric properties 

were measured as a function of frequency for different concentration of Mg. For 1.0 -2.0mol% 

doped Mg samples showed dielectric constant value within the range required for implant 

material.  The bioactivity and However, beyond 2mol% of Mg third phase of magnesium oxide 

was also observed which enhanced the micro-hardness and bioactivity of specimen. 

Keywords:  Calcium Phosphate; Magnesium; Whitlockite; Bioactivity; Dielectric; Hardness 

1. Introduction 

Calcium phosphate based bioceramics are suitable as synthetic bone substitutes due to their 

bioactive and biocompatible that occur in different phases[1]. Hydroxyapatite(Hap) and  beta 

tricalcium phosphate(β-Tcp) are the naturally occurring calcium phosphate bioceramics in 

bones and teeth of mammals. These two phases makes an exceptional combination for bone 

implantation with bone-bonding ability of Hap and good bioresorbability of β-Tcp in 

physiological environment[2, 3] . An optimal ratio of these two can enhance the regeneration 

of bone in the body environment [4, 5, 6]. It is noteworthy that research is not only concentrated 

on the biological properties of these ceramics but also electrical and mechanical properties are 

of great interest. It has been reported that electrical stimulation enhance the growth rate thus 

reduce the healing time [7, 8]. The electrical response of Hap is analogous to bone[9], thus it 

is important to study the behavior under the influence of electric field. The crystalline 

structure(hexagonal) of Hap is quite flexible to accommodate the impurities that in turn can 

enhance the biological, mechanical and dielectric properties of Hap. According to the previous 

studies, dielectric properties help in bone regeneration. Little work has been previously done 

to study dielectric properties for doped calcium phosphate. Magnesium is a vital element in 

bone formation and its deficiency causes brittleness and bone loss[10, 11]. Thus Mg can be 

incorporated into Hap structure to augment its properties. 

In this study, Mg doped hydroxyapatite was synthesized using wet chemical method. Thermal, 

Structural, Chemical, mechanical, dielectric and biological properties of undoped and Mg 

doped samples will be discussed. 

 



2. Materials and Method 

All the samples were synthesized by chemical precipitation method[12, 13]. Calcium nitrate, 

diammonium hydrogen phosphate and Magnesium nitrate were used as a calcium(Ca2+), 

phosphate and magnesium ions respectively, all of analytical grade. Ammonia solution was 

used to control the pH. The reaction will take place according to the equaton(1). The schematic 

for the synthesis is illustrated in Figure 1. 

(10 − 𝑥)𝐶𝑎(𝑁𝑂3)2. 4𝐻2𝑂 + 𝑥𝑀𝑔𝑁𝑂3 + 6(𝑁𝐻4)2𝐻𝑃𝑂4  𝑁𝐻4𝑂𝐻(𝑝𝐻=10)→            𝐶𝑎10−𝑥𝑀𝑔𝑥(𝑃𝑂4)6(𝑂𝐻)2   𝑥 = 0.0 − 2.5𝑚𝑜𝑙%           (1) 

 

Aq. Sol. of dopant salt with 
varying molar ratio

Aq. Sol of calcium salt

Heating and mixing 
with continuous stirring 

Heating with 
continuous stirring & 

adjusting pH

Aging

Filtration, washing & 
drying

Sintering 

Adding Aq. Sol. of 
phosphate salt

Characterization of the 
final sample  

Figure 1 Schematic for Synthesis of the Samples 

 

Solution of calcium and magnesium was prepared with varying concentration (i.e 0 ≤ x ≤ 
2.5mol% with step size of 0.5mol%) as listed in Table 1. Phosphate solution was added 

dropwise into Ca/Mg solution with continuous stirring at 80oC for three hours, keeping the pH 

at 10 using ammonium sol. The samples were kept overnight so that the precipitates settled 

down, which were then washed thrice with double distilled water. The precipitates were filtered 

and dried at 90oC. The as-synthesized powders were uniaxially pressed into pellets under 4MPa 

load. The powders and pellets were then sintered at 1000oC  for three hours to get the required 

samples for analysis.  



 

Table 1 Chemical composition of Mg doped Hydroxyapatite samples 

Sample ID 
Molar concentration  

Ca Mg P 

Mg0.0 10.0 0.0 6 

Mg0.5 9.5 0.5 6 

Mg1.0 9.0 1.0 6 

Mg1.5 8.5 1.5 6 

Mg2.0 8.0 2.0 6 

Mg2.5 7.5 2.5 6 

 

To determine the thermal characteristics of the samples TGA-DSC (SDT Q600) was used with 
a heating rate of 10°C/min. The chemical bond characteristics of samples were determined by 
Midac M2000, recorded in the range of 450 to 4000cm-1. To investigate the effects of 
incorporation of Mg2+ in the structure of the samples Raman spectroscopy(Advantage 532 
Raman Spectrometer) was performed. The structure of undoped and Mg-doped samples were 
characterized using XRD( Bruker D8 Advance X-ray diffractometer) with step size of 0.02 in 
the 2θ range from 10o – 80o . The experimental XRD patterns were identified by comparing 
them with the standard JCPDS(Joint committee in Powder Diffraction and Standards). 
Scanning electron microscope(JSM 6480 VL, Joel) was used to study the surface morphology 
of the samples. The hardness of the samples were determined using Vickers hardness(Suntech 
Clark Model Cv-700at) with a load of 9.8N applied for 10s on the surface of each compressed 
polished disc. Dielectric properties were studied by measuring the capacitance and resistance 
in parallel plate configuration with Precision Impedance Analyzer(Wayne Kerr 6500B) .The 
bioactivity of the samples was examined by immersing them in Simulated Body Fluid(SBF)[ 

14] solution for two weeks incubated at 37oC under static condition. The antioxidant activity 
of the samples were studied by measuring the absorbance at 517 nm using UV-VIS  
spectrophotometer (JEOL JSM-6480 LV). 
 

3. Results and Discussion  

3.1 Thermal Analysis 

Thermal analysis predicts the phase purity and behavior of the material at high temperature. 

The DSC curves for the samples are illustrated in Figure 2. The DSC profile for Mg0.0 and 

Mg0.5 illustrated endothermic reaction up to 440oC associated with the removal of adsorbed 

water. Minor dips at 480 oC and 574 oC can be observed in these two curves which were due to 

condensation and dehydration of hydro-phosphate(HPO4
2-) group[15]. Intense peaks appeared 

at 956oC(T2) which are attributed to crystallization of Hap[16]. The peaks at 480oC and 574oC 



disappeared in Mg1.0 – Mg2.5, but there was onset of other intense peaks at 856oC(T1) along 

with the peaks at T2. The endothermic peaks at T1 are attributed to the formation of low 

temperature Tcp[17]. For Mg2.5 profile curve an endothermic peak at 795oC appeared which 

might be due to the formation of MgO. Hence, with the addition of Mg formation of β-Tcp 

occurred and higher conc. of Mg introduces the MgO phase also. 
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Figure 2 –DSC curves for undoped and Mg-doped samples 

3.2 IR Spectra 

Several vibrational bands were observed in IR spectra of pure and Mg doped samples as shown 

in Figure 3. For undoped sample, Mg0.0, the band at 1023(v1) cm-1 and 969(v2) cm-1 correspond 

to PO4 stretching band while PO4 bending bands relate to 605(v4) and 562(v4) cm-1 that are 

characteristics of hydroxyapatite[18]. For Mg(1.0 – 2.5mol%) doped samples the IR spectra 

showed a new band at 1118cm-1 which correspond to characteristic β-TCP along with 

hydroxyapatite characteristic bands[19], listed in Table 2. It was observed that with Mg doping 

the broadness of vibrational bands were reduced which indicates alignment of atoms. 
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Figure 3 FTIR spectra of undoped and Mg doped hydroxyapatite 

 

Table 2 FTIR band assignments for Mg doped Hydroxyapatite 

Wavenumber(cm-1) Mode 

Mg0.0 Mg0.5 Mg1.0 Mg1.5 Mg2.0 Mg2.5 
Ref[ 13, 14, 

20 , 21  ] 
 

- 1118 1118 1118 1118 1118 1118 
Stretching mode 
of P-O (TCP) 

1023 1023 1023 1023 1023 1023 1029 
Asymmetric P-O 
stretching mode 

969.8 977.8 984.3 984.3 984.3 990.1 960-970 
Symmetric P-O 
stretching mode 

601.8 601.8 601.8 601.8 601.8 601.8 600-610 
O-P-O bending 
mode/crystal 

562 562 562 562 562 562 560-600 
O-P-O bending 
mode/amorphous 

 

3.3 Raman Spectra 

The Raman spectra of undoped and Mg doped samples is shown in Figure 4. In all samples 

hydroxyapatite was prominent by a very robust band at 961cm-1 and within 400cm-1 (v2) range 

of Hap that ascends from the symmetric stretching mode(v1) of PO4 group. Other Raman-active 

band for PO4 could be seen at 1036cm-1(v3)[ 22, 23]. With the addition of 0.5mol% of Mg the 

distinct peak at 961cm-1 splits into double peaks, 948cm-1 and 964cm-1, which are attributed to 

PO4 stretching mode of β-TCP[24, 25]. Another difference observed was the disappearance of 

1036cm-1 peak(stretching mode P-O) with addition of Mg up to 1.0mol%. With further addition 



of Mg(1.5 – 2.5 mol%) the double peaks at 948cm-1 and 946 cm-1 combined into a single intense 

peak. The reappearance of peak corresponding to phosphate vibration at 1051cm-1 was 

observed. 

 

 

Figure 4  a)Raman Spectra of undoped and Mg doped samples b) Magnified view of a) 

 

3.4 XRD Analysis 

X-ray diffraction data was used to determine the lattice parameters, phase analyses and 

crystallite size of the samples. Figure 5 showed the XRD pattern of Mg substituted 

hydroxyapatite. Undoped sample Mg0.0 showed single phase hexagonal 

hydroxyapatite(JCPDS # 09-0432) with peak reflections identified at (002), (102), (210), (211), 

(112), (300), (202), (310), (311), (302), (222), (213), (312), (320), (004), (331) (hkl) values. 

This is also justified with IR- spectra and Raman spectra for this sample. With the addition of 

small amount of Mg0.5(0.5mol%) broadness of the main peaks( (211), (112), (300)) could be 

observed, which corroborates the incorporation of Mg into the Hap due to smaller radius of Mg 

as compared to Ca[26] also new peaks appeared at 17.08o and 26.7o that correspond to 

secondary phase. This secondary phase was identified as Mg- β-TCP( whitlockite, JCPDS #1-

070-2064). For Mg1.0(1.0mol%)  more peaks reflections at 34.63o and 47.36o along with 

17.08o and 26.7o of secondary phase were observed. It had been previously reported by 

P.kanchana and Salami[27, 28] that Mg addition lead to the development of Mg-β-

TCP(whitlockite). The presence of the secondary phase was also observed in DSC curves 

(Figure 2), that showed the exothermic peaks at lower temperature(T1). Further doping of 

Mg(1.5-2mol%) new peak reflection at 28.0o , 35.8o and 36.4o of whitlockite phase emerged 

while peak intensity at 17.3o  reduced with Mg addition. For sample Mg2.5 a third phase 

MgO(JCPDS # 45-946) appeared due to higher concentration of Mg which also compliment 

the DSC curve for this sample showing a peak at 795oC.   
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Figure 5  XRD pattern of undoped and Mg(0 – 2.5mol%)  

The phase percentage of undoped and Mg-doped samples is listed in Table 3. With the addition 

of Mg the secondary phase whitlockite /appeared whose percentage is Mg concentration 

dependent. 

Table 3 Phase percentage for undoped and Mg doped Samples 

 

 

 

 

Sample 

ID 

Phase % 

Hap 

β-TCPMg 

(whitlockite) MgO 

Mg0.0 100% 0% 0% 

Mg0.5 89% 11% 0% 

Mg1.0 73% 27% 2% 

Mg1.5 68% 32% 2% 

Mg2.0 63% 37% 2% 

Mg2.5 60% 30% 10% 



The lattice parameters(a, c) and volume(V) of the hydroxyapatite were evaluated using the 

following equations[ 29] 

1𝑑2 = 43 (ℎ2+ℎ𝑘+𝑘2𝑎2 ) + 𝑙2𝑐2   (1) 𝑉 =  𝑎2𝑐 𝑠𝑖𝑛(60)    (2) 

Where d is interplaner distance and hkl are Miller indices. The crystallite size(D)  and 

crystallinity percent was calculated using the following relations[ 30] 𝐷 =  0.9𝜆𝛽ℎ𝑘𝑙cos (𝜃ℎ𝑘𝑙)    (3) 

𝑋𝑐 = ( 𝐾𝛽ℎ𝑘𝑙)3     (4) 

The lattice parameters(a, c) decreased with the increase in concentration of Mg as listed in 

Table 4 and Table 5, thus suggested the substitution of Mg ion for Ca ion  Since Mg ion radius 

is smaller than Ca ion radius; substitution of Mg ion for Ca ion produced the decrease in the 

lattice parameters[31, 32]. Substitution of Mg ion for Ca ion produces 

destabilization/decomposition of the structure. The crystallites became smaller, more irregular 

and form agglomerates when Mg was substituted [33].  

The crystallite size was found to increase for Mg 2.5mol% due to increase of the lattice disorder 

as a result of the presence of Mg ions and formation of MgO due to surplus Mg.   

Table 4 Lattice parameter and volume of the samples as a function of Mg content 

Sample ID a[Å] c[Å] c/a 
Volume 
V[Å]3 

Mg0.0 9.3960 6.8538 0.7294 524.0226 

Mg0.5 9.3795 6.8409 0.7293 521.2002 

Mg1.0 9.2987 6.8374 0.7353 511.9902 

Mg1.5 9.2792 6.8293 0.7360 509.2523 

Mg2.0 9.2786 6.8342 0.7366 509.5431 

Mg2.5 9.2407 6.8356 0.7397 505.4936 

 

The value of lattice parameters reduced with the addition of Mg2+ for Mg2+ 0.5 – 1.5 mol% that 

confirmed the incorporation of Mg into the lattice. For Mg2+ 2.0 – 2.5mol% the value of ’c’ 
slightly increased identifying the appearance of third phase that caused the  lattice disorder and 

strain. However, the volume decreased due to smaller bond length of Mg2+ with O2- as 

compared to Ca2+.  

Table 5 Crystallite Size and Crystallinity of the samples 

Sample ID Crystallite 

size D(nm) 

Crystallinity 

XC (%) 
Mg0.0 35.7698 100% 



Mg0.5 33.4429 93% 

Mg1.0 30.9674 85% 

Mg1.5 29.7823 72% 

Mg2.0 25.9713 64% 

Mg2.5 29.3282 59% 
 

The crystallite size and crystallinity of the samples showed the decreasing trend with the 

addition of Mg2+ (0.5 -2.0mol%) which agreed well with the previous Raman analysis.  But for 

Mg2.5 sample the crystallite size and crystallinity increased this mighty be due to the formation 

of MgO that reduced the availability of Mg2+ for replacement of Ca2+ in Hap. The XRD peak 

intensity at 17.08o for Mg2.5 decreased due to non-availability of Mg2+ hence Mg-β-Tcp 

formation also reduced.  

 

3.5 SEM 

SEM micrographs as shown in Figure 6 illustrates the morphology of sintered undoped and 

Mg-doped samples.  

 

  

  

Mg0.0 Mg0.5 

Mg1.0 Mg1.5 



  

 

Figure 6 SEM micrograph of Mg doped samples 

It can be seen that undoped Hap(Mg0.0) is in form of small-size crystal, by increasing the Mg2+ 

concentration, the densification of particles increases. This densification reduces the elongation 

and widening of particles so the grain size reduces gradually. After the addition of Mg, these 

particles have plate like or flakes like morphology. The results of researches indicate that by 

increasing Mg concentration in Hap, secondary phase (whitlockite) formed so the morphology 

also varies. 

 

3.6 Mechanical Analysis 

The microhardness of the samples was measured using Vickers hardness method. The Vickers 

hardness was measured using the following formula[34] 𝐻 = 1.854 𝐹𝑑2    (5) 

where F is the load applied and d is mean diameter of the indent. Average value was taken 

from five indents on each sample. It was observed that the hardness of the doped samples was 

higher than the undoped samples as shown in Figure 7, having the highest indentation hardness 

value of 1.01GPa as listed in Table 7. The values are comparable to the human bone ~0.3-0.9 

GPa[35]. Since Mg is smaller in size as compared to Ca, the replacement of Ca by Mg would 

reduce the bond length and increase the bond strength with the O.  The upsurge bond strength 

would be the cause of higher value of microhardnes.  Thus the hardness depends on the 

hydroxyapaptite/ Mg-TCP ratio.  
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Figure 7 Vicker hardness of undoped and Mg doped samples 

 

Table 7 Hardness of the samples 

Sample ID Hardness(GPa) 

Mg0.0 0.61±0.02 

Mg0.5 0.72±0.03 

Mg1.0 0.85±0.02 

Mg1.5 0.96±0.04 

Mg2.0 1.01±0.03 

Mg2.5 0.98±0.03 
 

The optimal ratio was observed for the Mg content at 2.0mol%, after which the trend showed 

the decline. The increase in hardness for Mg2.0 sample is due to the appearance of the third 

phase MgO that enhances the hardness as reported by Satoshi [36] 

3.7 Dielectric Properties 

The dielectric properties of the implant are of interest in order to augment the bone growth. 

The dielectric properties of the samples were studied as a function of frequency. The 

capacitance values were used to calculate the dielectric constant(ε). The dielectric constant, 

alternating current conductivity (σac) and  dielectric loss(tan(δ)) were determined using the 
following formula[37] 



𝐶𝑝 = 𝜀𝑜𝜀𝐴𝑡     (6) 

 𝜎𝑎𝑐 = 𝑡𝑍𝐴    (7) 

 tan(𝛿) =  12𝜋𝑓𝐶𝑝𝑅𝑝   (8) 

 

Where Cp is the capacitance, o the free space dielectric constant (8.854 × 10-12 F/m), A is the 
area, t is the thickness and Z is the impedance of the dielectric samples. The dielectric constant 
determines the efficiency of the material to store energy(electrical). It is a frequency dependent 
variable and decreases as the frequency increases. 
 
The dielectric properties of the samples were studied by measuring resistance and capacitance 

using Impedance Analyzer at room temperature.  Figure 8a showed the dielectric constant as a 

function of frequency from 1KHz to 1MHz. The values of dielectric constant varied as the 

concentration of dopant varies. It has been observed that the value of ε increases as the conc. 
of Mgx increase from 0 ≤ x ≤ 1.5 mol% after which it showed the decreasing trend. The 
dielectric constant decreased as the frequency increased for all the samples. Since the applied 

electric field produced polarization in the material, as the frequency increased the dielectric 

constant decreased which is attributed to the failure of the dipoles to follow the alternating 

electric field frequency and lag behind the applied frequency[38]. The alternating current 

conductivity increased with the increase in frequency as shown in Figure 8(b), which is 

attributed either due to H+ ion bouncing between O2- or OH-1 ions with PO4 group. 
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Figure 8 Relative Permativity, AC conductivity and Tangent Loss as a function of 
frequency for Mgx content (0 ≤ x ≤ 2.5 mol%). 



Tangent loss, absorption of electrical energy by the material, also showed(Figure  8c ) the same 

trend as of dielectric constant and conductivity. The high value of tangent loss for Mg1.0 and 

Mg1.5 at low frequency are attributed due to defects/impurities present in the samples. All the 

curves exhibited bulge around 13kHz that is attributed to the resonance between the ions 

frequency and the frequency of applied field. Thus these results suggest that Hap samples can 

also be used as dielectric material in biosensors and as a dielectric material in electronic 

devices. 

 

3.8 Bioactivity 

Simulated body fluid(SBF) solution, prepared by Kokubo method [39] was used to assess the 

bioactivity of the samples. The samples were immersed in SBF solution for two weeks at 37oC, 

the pH and the concentration of Ca, P and Mg ions in the solution were recorded periodically 

as shown in Figure 9.  Initially there was rise in pH due to release of cations(Ca2+) from the 

samples this was justified as there was increase in Ca concentration as shown in Figure 9(d) 

and 9(a) respectively. After four days the pH and Ca concentration started to decrease as the 

leakage of Ca ions reduced which is attributed to the formation of apatite layer.  

 

Figure 9 Ca Concentration(a), P concentration(b) Mg concentration(c) and Variation of 
pH(d) in SBF Sol. For 14 days 

 



The formation of apatite layer in physiological environment depends on the resorbability, 

which increases the pH. From Figure 9(d) it can be observed that the pH of Mg0.0(undoped) 

was lower as compared to doped samples the same trend can be seen for Ca and P content. The 

maximum bioresorbalility was observed for Mg1.5, which is a mixture of Hap and whitlockite 

having greater percentage of whitlockite phase as compared to the other sample. 
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Figure 10 FTIR of undoped and Mg-doped samples after immersion in SBF Sol. 

The FTIR spectra of the samples after soaking in SBF-solution for 14 days is shown in Figure 

10. The same trend can be seen from the figure as was the case of when the samples were not 

immersed(Figure 3). However some band become clear and prominent like the bands at 500 - 

560cm-1 which are due to bending vibration mode(crystalline) of P-O bonds in PO4
3- group[40, 

41] and the band around  470 cm -1 correspond to double degenerated bending mode(v2). These 

bands identify the Hap. It can be observed that the widening of the main broad band centered 

at 1028cm-1 did not occurred for the immersed samples in FTIR transmittance spectrum as 

compared to the un-immersed. In case of un-immersed samples, the widening occurred due to 

Mg2+ that increased with increasing concentration of Mg2+. The band in the around 1121cm-1  

related to β-Tcp vibrational mode.  Thus, the FTIR analysis showed that the apatite layer 

formed on the samples were of biological Hap due to appearance of carbonate group. 

 

 

 



3.9 Antioxidant Activity 

Free radicals produce during oxidation chain reaction that can damage cells. Cell metabolism, 
ecological pollutants and infective toxins through these oxidative stress exhibit toxic 
effects[42]. The scavenging of free radicals by antioxidant control the deterioration of the cells. 
the prevention of many chronic diseases, such as cancer, diabetes and cardiovascular disease, 
has been suggested to be associated with the antioxidant activity DPPH(2,2-diphenyl-1-
picrylhydrazyl) radical scavenging assays were used to determine the radical scavenging effect 
of the samples. The absorbance was measured at 517 nm and the percentage scavenging activity 
of radicals was calculated using the formula   
 

% Scavenging activity = 
(Absorbance of control – Absorbance of sample)

Absorbance of control
× 100 

Ascorbic acid was used as standard antioxidant. The antioxidant behavior of hydroxyapatite 

material was assessed for undoped and Mg doped samples at 15mg/ml concentration as shown 

in Figure 11 
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Figure 11 Antioxidant activity of samples for Mgx content (0 ≤ x ≤ 2.5 mol%). 

 

 

Scavenging of free radicals increased with doping as compared to the undoped sample. The 

antioxidant property of Hap could be beneficial for orthopedic and dental implant.  

 



4 Conclusion  

Pristine and Mg doped hydroxyapatite were synthesized using chemical method. Incorporation 

of Magnesium subvert the Hap crystal structure with the formation of whitlockite which was 

confirmed by XRD, FTIR and Raman spectroscopy. These results illustrated the phase 

formation, Mg ions substitution in hydroxyapatite and transformation of Hap into other phases 

with the increase in Mg content. The effects of Mg were linked to the variation of lattice 

parameters and crystallinity of Hap.   Beginning from pristine Hap with regular incorporation 

of Mg, admixture of the two phase was obtained. However, as the amount of Mg exceeded 

2mol% new phase (MgO) appeared due to excess of magnesium.  These phases favored the 

hardness and bioactivity, and for Mg 1.5mol% gave the better result as compared to others. It 

is possible to obtain the particular ratio of Hap and whitlockite by controlling the Mg 

concentration during synthesis. The dielectric properties were also affected by the addition of 

Mg.  For 1.0 - 2.0mol% of Mg the dielectric constant value is within the range required for 

implant material(18 – 68[43]) at lower frequency range. The loss factor of all the samples were 

at 13kHz. The AC conductivity increased at higher frequency obeying the Jonsher’s power law. 
Scavenging of free radicals increased with doping as compared to the undoped sample.  These 

outcomes could be useful for implant material under the influence of electric field, as well as 

for biosensor.  
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Figure 1

Schematic for Synthesis of the Samples
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Figure 2

DSC curves for undoped and Mg-doped samples
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Figure 3

FTIR spectra of undoped and Mg doped hydroxyapatite
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Figure 4

a)Raman Spectra of undoped and Mg doped samples b) Magni�ed view of a)
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Figure 5

XRD pattern of undoped and Mg(0 – 2.5mol%)
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XRD pattern of undoped and Mg(0 – 2.5mol%)



Figure 6

SEM micrograph of Mg doped samples
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SEM micrograph of Mg doped samples



Figure 7

Vicker hardness of undoped and Mg doped samples
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Figure 8

Relative Permativity, AC conductivity and Tangent Loss as a function of frequency for Mgx content (0 ≤ x
≤ 2.5 mol%).
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Figure 9

Ca Concentration(a), P concentration(b) Mg concentration(c) and Variation of pH(d) in SBF Sol. For 14
days
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Figure 10

FTIR of undoped and Mg-doped samples after immersion in SBF Sol.
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Figure 11

Antioxidant activity of samples for Mgx content (0 ≤ x ≤ 2.5 mol%).
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