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a b s t r a c t

Magnesium ions incorporated calcium phosphate was synthesized by wet chemical route and followed
by microwave assisted method. XRD analysis was confirmed that the presence of calcium phosphate
(hydroxyapatite). TEM analysis was exhibited rod-like morphology. XRF results were showed the per-
centage of calcium, phosphate, magnesium and oxygen. There was a slight blue shift observed in mag-
nesium ions based samples. Higher magnesium (0.1 Mg-HAp) was revealed the greater discharging time
with capacitance voltage (0.55 V). Magnesium based calcium phosphate was showed prolonged rate of
drug release. At higher frequency, the Nyquist plot was showed the electrochemical behavior, however at
lower frequency, revealed mass transfer process. Magnesium ions tailor the specific capacitance of cal-
cium phosphate. Therefore, magnesium ions based phosphate samples could be an outstanding multi-
functional candidate for drug release and supercapacitor applications.

© 2017 Published by Elsevier B.V.

1. Introduction

Calcium phosphate (Ca 10(PO4)6(OH)2, HAp) based bioceramics
most often employed for bone and dental applications. HAp has
been extensively employed for bone and dental replacement and
also in drug delivery system. It reveals high osteoconductivity and
osteoinduction when implanted in the human body [1]. Hydroxy-
apatite (HAp) is a dielectric material along with piezoelectric
behavior. Moreover, it can also be used for gas sensing, chromato-
graphic agent etc. HAp solubility was varied by addition of different

metal ions incorporation (Naþ, Mg2þ, Ba2þ, Sr2þ etc.). Among the
metal ions, magnesium ions play an important role for formation of
HAp [2]. Metal ion (magnesium) incorporation in calcium phos-
phate used for UV light emitting applications [3]. Nowadays, for
enhancing energy and power demands, supercapacitor is playing
crucial role. Supercapacitor is a latest generation of electronic tool
to develop battery and capacitor performance in terms of power
and energy density respectively. Supercapacitors are also known as
electrochemical capacitors due to their superior rapid charge/
discharge, long-term cycling stability [4].

Metal oxide (Mn3O4, RuO2, NiO etc) based materials possess
higher specific capacitance with lower stability [5,6]. Transition
metal phosphates contain ammonium transition metal phosphates
have been examined and used in many fields [7,23e33]. Microwave
assisted one-pot oil-in-water emulsion technique for the synthesis
of mesoporous NixCo3-x(PO4)2 hollow shell for supercapacitor ap-
plications [8]. Supercapacitor stored and discharge electrical energy
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could be due to electrical double layers development [9]. Carbon
based materials such as CNTs have revealed anisotropic micro-
structure, porous networks, high electric conductivity etc. which
were constructed as key candidates for supercapacitor electrodes
[10e14]. For large-scale single-walled carbon nanotubes (SWCNTs)
film with high electric conductivity were employed as super-
capacitor electrodes [15]. In the current work, first time
magnesium-calcium phosphate material used for supercapacitor
and drug delivery applications.

2. Materials and methods

Magnesium ion incorporated calcium phosphate was synthe-
sized by microwave assisted route. For the preparation of HAp,
calcium nitrate tetrahydrate (1.0 M) was mixed in deionized water
and then added to diammonium hydrogen phosphate (0.6 M) so-
lution at constant (pH 10). Final solution subjected to microwave
irradiation (900 W and 2.45 GHz) for 30 min and dried in hot air
oven at 80� C. It was denoted as HAp. Different molar concentration
of magnesium (0.01 and 0.1) was added separately to calcium ni-
trate tetrahydrate (1.0 M), drop wise added to diammonium
hydrogen phosphate (0.6 M) (pH 10) and followed by microwave
irradiation (similar procedure) for the synthesis of magnesium ion
incorporated HAp. For 0.01 and 0.1 M concentration of magnesium
ion incorporated HAp was ascribed as 0.01 Mg-HAp and 0.1 Mg-
HAp respectively.

The synthesized samples were analyzed by Bruker XRD CuKa

radiation (0.154 nm) with step size 0.02� in a continuous scan
mode. The morphology and particle size of samples were investi-
gated using a Schottky field emission source (FE-HRTEM, Carl Zeiss
Libra 200HR). Elemental concentration of samples was measured
using X-ray analytical microscope (HORIBA Scientific XGT-5200).
For the drug release, the maximum absorbance wavelength (lmax)
of amoxicillin as 230 determined using UVeVis spectrophotometer.
The in vitro release profile of amoxicillin was performed in phos-
phate buffer saline (PBS, pH 7.4) using incubated shaker. 100 mg of
HAp, 0.01 Mg-HAp and 0.1 Mg-HAp powder samples were mixed
separately with amoxicillin (50mg) and then pellets was made. The
pellets were separately immersed into 200 mL of PBS solutions and
maintained at 37 �C. At various time intervals, 1 mL of PBS was
taken out and replaced with fresh medium. The concentration of
the amoxicillin (released) was estimated from the calibration
graph. The experiments were performed in triplicate.

The electrochemical properties of HAp, 0.01 Mg-HAp and
0.1Mg-Hapwere studied usingwith three electrode configurations.
The electrode past was prepared in ratio 70:23:7, 70 of active ma-
terial and 23% of super p carbon and 7% of PTFE. The working
electrodes was fabricated on nickel mesh by pressing the 5 mg past
and dipped in 20% KOH solution over night. The reference and
counter electrode are Hg/HgO and Pt foil. Cyclic voltammetry and
galvanostatic charge-discharge measurement were monitored in
Biologic (VSP 300) instrument in 20% KOH electrolyte.

3. Results and discussions

3.1. XRD analysis

XRD patterns of magnesium ion doped hydroxyapatite were as
shown in Fig. 1. The planes (002), (102), (210), (211), (202), (301),
(221), (222), (312) and (213) were good agreement with jcpds value
(09-0432) of HAp. On higher magnesium ion incorporation, the
prominent plane (211) broadened due to lattice stress of HAp.
Moreover, the plane (202) was diminished at higher incorporation
of magnesium ion compared to other samples [16]. The average
crystallite size was calculated using MAUD (Material Analysis Using

Diffraction). The crystallite size of HAp, 0.01 Mg-HAp and 0.1 Mg-
HAp was 30 ± 2 nm, 20 ± 0.5 nm and 14 ± 0.5 nm respectively. The
decrease in crystallite size on magnesium ion incorporation could
be due to the presence of magnesium ion in interstitial sites of HAp
[16].

3.2. Transmission electron microscopy (TEM)

HR-TEM analysis was as shown in Fig. 2. Pristine showed rod like
morphology and its average particle size (approximately
29 � 7 ± 3 nm). The particle size of 0.1 Mg-HAp was 23 � 5 ± 4 nm.
The decrease in particles size could be due to magnesium ion in
interstitial sites of HAp that could modify the growth kinetics of
HAp. M.H. Chen et al. reported that the particle size of nanocrystal
about 100 nm (length) and 30e40 nm (width) [17]. In our case, the
length decreased by 77% and width decreased by 87.5% when
compared with M. H. Chen et al.

3.3. XRF

XRF (X-ray Fluorescence) analysis of HAp and incorporated HAp
was shown in Fig. 3A. It was confirmed that the presence of cal-
cium, phosphate and magnesium. Fig. 3A (b, c) showed that the
occurrence of magnesium ion incorporated samples. The percent-
age of calcium, phosphate, and oxygen in pristine was 36.11, 21.27
and 42.62 respectively. For 0.01 Mg-HAp contains calcium (37.6%),
phosphate (20.39%), oxygen (41.59%) and magnesium (0.42%). The
sample (0.1 Mg-HAp) having calcium (34.08%), phosphate (20.93%),
oxygen (42.34%) and magnesium (2.65%).

3.4. UVeVis spectroscopy analysis

UV absorbance of the samples was as shown in the Fig. 3B. On
magnesium ion incorporation, there was no significant variation
observed in the absorbance percentage. However, the doped sam-
ples slightly shift towards blue side. Electrochemical impedance
spectra (EIS) of samples were measured within the range of fre-
quency from 100 kHz to 500 mHz as shown in Fig. 3C. In Nyquist
plot showed semicircle at high frequency which was followed by a
straight line at low frequency which indicates electrochemical and
mass transfer process respectively [16].

3.5. Drug studies

The drug release percentage of amoxicillin incorporated HAp

Fig. 1. XRD patterns of (a) HAp, (b) 0.01 Mg-HAp and (c) 0.1 Mg-HAp.
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