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ABSTRACT. Incorporating metal ions into a calcium hydroxyapatite structure is a successful pathway to increase their
physical, chemical and biological properties. The calcium hydroxyapatite was obtained by solid state method at high
temperature, using CaCO; and (NH4),HPO, as sources of calcium and phosphorus. Metal ion (M** = Mn**, Co®", Ni**,
Cu2+) incorporation was carried out by dint of grinding and high temperature effect for remove all impurity. Hydroxyapatite
(HAP) powders doped with metal ions were characterized by uv-visible spectroscopy analysis to evaluate the
photocatalytic activity of all samples of hydroxyapatite. The result shows the high photocatalytic activity of all HAP
powders.

RESUME. L'incorporation des ions métalliques dans la structure d'hydroxyapatite de calcium est une voie efficace pour
augmenter leurs propriétés physiques, chimiques et biologiques. L'hydroxyapatite de calcium a été obtenue par une voie
solide a haute température, en utilisant du CaCOj; et du (NH,;);HPO, comme sources de calcium et de phosphore.
L'incorporation des ions métalliques (M** = Mn**, Co®*, Ni?*, Cu®*) a été réalisée par force de broyage et sous l'effet de la
température élevée pour éliminer toute impureté. Les poudres d'hydroxyapatite (HAP) dopées avec des ions métalliques
ont été caractérisées par la spectroscopie Uv-visible pour évaluer l'activité photocatalytique de tous les échantillons de
nos poudres d’'HAP. Les résultats obtenus montrent une activité photocatalytique élevée dans toutes les poudres HAP.
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1. Introduction

Solar energy is radiant light and heat from the Sun that is harnessed using a range of ever-evolving
technologies such as solar heating, photovoltaics, solar thermal energy, solar architecture, molten salt
power plants and artificial photosynthesis. It is an important source of renewable energy and its
technologies are broadly characterized as either passive solar or active solar depending on how they
capture and distribute solar energy or convert it into solar power. Active solar techniques include the
use of photovoltaic systems, concentrated solar power and solar water heating to harness the energy.
Passive solar techniques include orienting a building to the Sun, selecting materials with favorable
thermal mass or light-dispersing properties, and designing spaces that naturally circulate air.

A solar cell, or photovoltaic cell, is an electrical device that converts the energy of light directly into
electricity by the photovoltaic effect, which is a physical and chemical phenomenon. It is a form of
photoelectric cell, defined as a device whose electrical characteristics, such as current, voltage, or
resistance, vary when exposed to light. Individual solar cell devices can be combined to form modules,
otherwise known as solar panels. In basic terms a single junction silicon solar cell can produce a
maximum open-circuit voltage of approximately 0.5 to 0.6 volts.
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The hydroxyapatite (HAP) with general formula Ca;y(PO4)s(OH), is a phosphorus apatite which
crystallizes natural state in the hexagonal system [GUO 09 , BAH 09]. It is the main constituent of
bones and teeth, it has excellent affinity with bone tissue. So its advantage is to create strong chemical
bond with the bone [SOP 07]. The hydroxyapatite can be used also for the purification of aqueous
media [ZHO 07, RUS 05] and the immobilization of uranium in nuclear waste[ ARE 98]. Also HAP
can be used for energy storage, and energy production by conversion of ligh energy to electrical energy
following its high photovoltaic activity after doping by metals transition elements.

2. Materials and methods

Crystalline powders of HAP with general chemical formula Ca;o(PO,)s(OH), is prepared by solid
state method were all reagents are in the solid state. We mix and grind directly and manually with
mortar and pestle a 1.5773 g of ammonium phosphate (NH4),HPO, and 1.9927 g of calcium carbonate
CaCQOs;, then we put it in the oven at 200°C and we raise the temperature by 200°C and achieve the
inter grinding after each 24 hours duration. Until we reach 1000°C.

Hydroxyapatite- metal-doped HAP-M, with chemical formula CagsMgs(PO4)s(OH), where (M=
Mn, Co, Ni, Cu) is also prepared by solid state method, and all reagents precursors are in the solid state
with well determined masses for each sample. We mix and grind directly and manually with mortar
and pestle an ammonium phosphate (NH;),HPO, and calcium carbonate CaCO; and precursor that
contains metal for each sample as follows:

Nickelapyrroline C4HgNi for Hydroxyapatite- Nickel (HAP-Ni) : Cag sNig s(PO4)s(OH),

Copper (II) Chloride Dihydrate CuCl,.2H,0 for Hydroxyapatite- Copper (HAP-Cu) :
Cay 5Cuy 5(PO4)s(OH),

Cobalt (IT) nitrate hexahydrate CoN,04.6H,0 for Hydroxyapatite- Cobalt (HAP-Co) :
Cag 5C09 5(PO4)s(OH),

Manganese (I1) carbonate CMnOj; for Hydroxyapatite- Manganese (HAP-Mn) :
Cag sMny 5(PO4)s(OH),

Each sample was prepared independently. And we follow same thermic treatment than the HAP in
the oven from 200°C to 1000°C and we raise the temperature by 200°C realizing an inter grinding
every 24 hours duration.

3. Results and discussions
3.1. Optical properties

The optical properties of the pure HAP and HAP-M were determined from the transmittance
measurement in the range of wavelength 200-850 nm as shown in Figure 1.The transmittance spectra
of our samples are very significatif. As for solid samples, are not the same absorption bands. For the
pure HAP, the absorption band is not found, However , the absorption bands have been found in the
case of the substituted HAP-M, these bands are related to charge transfer phenomena between metals
ions transition element Cu*", Co™", Ni*", Mn®" and Ca®" ion of HAP Figure 2. In the case of copper
Cu”" ion there are two bands centered on 450 and 750 nm, cobalt Co*" ion found three bands around
750, 550 and 610 nm. High intensity and width are observed may explain the probability of transition
[MOR 86].

The UV-visible absorption of the HAP-Co is greatly enhanced compared with that of HAP. This
remarkable absorption of HAP-Co is attributed to Co in different coordination environments which is

caused by substitution of Co for Ca in HAP crystal .Meanwhile, these doped Co ions can introduce an
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energy level into the electronic band structures of HAP-Co, which leads to the photocatalytic activity
under visible light [MOH 17].
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Figure 1. The Transmission spectra of HAP and HAP-M (M=Ni, Cu, Co, Mn).
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Figure 2. The absorption spectra of HAP and HAP-M (M=Ni, Cu, Co, Mn).

3.2. Gap energy

The optical gap for all our samples has been deduced by transmittance spectra using the Tauc’s
relationship [MOH 08]:

ahv=0,(hv-Eg)" [1]
o absorption coefficient, h: Planck constant, a,: constant; Eg: gap energy; n = 2 in the case of a
direct gap. We plot (athv)® function hv, the value of the gap energy is obtained by the extrapolation of

the linear part of the curve on the abscissa axis (hv). All spectrum of dependence of (cthv)> On energy
(eV) of HAP and HAP-M as shown in Figure 3.
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Figure 3. The dependence of (ahv)? on energy (eV) of HAP and HAP-M (M=Ni, Cu, Co, Mn).

3.3. Urbach Energy (disorder)

The Urbach energy (Eu) reflects the disorder state of the material [WAS 01]; it is related to the
absorption coefficient by the following relationship [URB 53]:

Where (o) absorption coefficient and photon energy (hv) and Eu is energy of Urbach. We plot Ln(a)
function energy (hv). The Urbach energy (Eu) was deduced by calculate the inverse slope of linear part
extrapolation of spectra for each sample. All results as showns in figure 4.
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Figure 4. Determination of the Urbach energy of HAP and HAP-M (M=Ni, Cu, Co, Mn).

In the case of crystalline materials, the energy separating the valence band from the conduction band
is perfectly defined by Ev and Ec. The energy Ec - Ev corresponds to the energy of the forbidden band
[CAR 13]. The shape of the distribution functions of the energy states is a parabola [STR 67]. See
Figure 5.
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Figure 5. The State density function as energy for Hydroxyapatite pure Before incorporing Metals

When in a material occur variations of interatomic distances, lengths or angles of connection, there
appears what is called a "disorder". In this case, the band edges described in the case of crystal lattices
and delimited by Ev and Ec may disappear. We observe what are called localized states formed at strip
tails at the boundaries of the forbidden band in the valence and conduction band [FAN 04]. For
energies higher than Ec and lower than Ev, are the extended states (Figure 6).

State density

z(E) &

4+— des o w sammEg

SpuEq JO [l 21 I8 SaIelS
SpuRq JO [ 21 I8 SIS

N ——

Valence band Conduction band

v E. Energy

Figure 6. The State density function as energy for Hydroxyapatite After incorporing Metals ions

When the disorder becomes too important (for example with the appearance of links dangling or
impurities in the material), the tails may become entangled. Caused by Urbach parameter (Eu) which
corresponds to transitions between the extended states of the valence band and the localized states of
the conduction band. The decrease or increase of the energy of Urbach is translated successively by the
decrease or increase of the structural disorder and the improvement of the stoichiometry [BHA 12],
which is due in this case to the incorporation of the metal ion in the structure of hydroxyapatite.
Urbach energies as showns in table 1 presents the disorder of the material.

HAP | HAP-Ni HAP-Cu HAP-Co

Optical Gap energy (eV)

Urbach energy (eV)

Table 1. Value of the gap energy and Urbach energy for HAP
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It is found that the Urbach energy has increased after the incorporation of the metal ions in the
hydroxyapatite matrix, because these metal ions are considered as impurities in the hydroxyapatites
and present more structure disorder of the initial cell of hydroxyapatie. See figure 7.
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Figure 7. Optical gap energy and Urbach energy of HAP and HAP-M (M=Ni, Cu, Co, Mn).

4. Conclusion

The incorporation of Co, Ni, Cu and Mn metal ions in hydroxyapatites (HAP) gave us four
biomaterials to be used in solar panels with improuved mechanical and electronic performance and less
risk of environment pollution due to its biodegradable properties. The decrease of the electrical gap
energy of all our samples HAP-M (with M is a metal material where M = Co, Ni, Cu, Mn) compared to
the pure HAP, gives the possibility the new semiconductor materials with high photovoltaic activity.
Moreover, the low Urbach energy value of all our HAP-M (M = Co, Ni, Cu, Mn) exhibit a high
stcuctural stability wich result a long lifespan of our powder and solar panels.

We may suggest that samples of hydroxyapatites HAP-M (M = Co, Ni, Cu, Mn) are sparsely
colored and their colors can be exploited for esthetic reason, solar panels with various colors and other
potential applications.

Bibliography

[GUO 09] MA, Guobin et LIU, Xiang Yang. Hydroxyapatite: hexagonal or monoclinic?. Crystal Growth and Design,
2009, vol. 9, no 7, p. 2991-2994.

[BAH 09] BAHROLOLOOM, M. E., JAVIDI, M., JAVADPOUR, S., et al.Characterisation of natural hydroxyapatite
extracted from bovine cortical bone ash. J. Ceram. Process. Res, 2009, vol. 10, no 2, p. 129-138.

[SOP 07] SOPYAN, lis, MEL, M., RAMESH, S., et al. Porous hydroxyapatite for artificial bone applications. Science
and Technology of Advanced Materials, 2007, vol. 8, no 1, p. 116-123.

[ZHO 07] ZHOU, Hailong, WU, Tao, DONG, Xiuli, et al. Adsorption mechanism of BMP-7 on hydroxyapatite (001)
surfaces. Biochemical and biophysical research communications, 2007, vol. 361, no 1, p. 91-96.

[RUS 05] RUSU, Viorel Marin, NG, Chuen-How, WILKE, Max, et al. Size-controlled hydroxyapatite nanoparticles as
self-organized organic—inorganic composite materials. Biomaterials, 2005, vol. 26, no 26, p. 5414-5426.

[ARE 98] AREY, J. Samuel, SEAMAN, John C., et BERTSCH, Paul M. Immobilization of uranium in contaminated
sediments by hydroxyapatite addition. Environmental science & technology, 1998, vol. 33, no 2, p. 337-342.

[MOR 86] MORSE, Michael D. Clusters of transition-metal atoms. Chemical Reviews, 1986, vol. 86, no 6, p. 1049-1109.

© 2018 ISTE OpenScience — Published by ISTE Ltd. London, UK — openscience.fr Page | 7



[MOH 17] MOHSENI-SALEHI, Motahare S., TAHERI-NASSAJ, Ehsan, et HOSSEINI-ZORI, Maryam. Effect of
dopant (Co, Ni) concentration and hydroxyapatite compositing on photocatalytic activity of titania towards dye
degradation. Journal of Photochemistry and Photobiology A: Chemistry, 2017.

[WAS 01] WASIM, S. M., RINCON, C., MARIN, G., et al. Effect of structural disorder on the Urbach energy in Cu
ternaries. Physical Review B, 2001, vol. 64, no 19, p. 195101.

[URB 53] URBACH, Franz. The long-wavelength edge of photographic sensitivity and of the electronic absorption of
solids. Physical Review, 1953, vol. 92, no 5, p. 1324.

[CAR 13] CARVALHO, A., RIBEIRO, R. M., et NETO, AH Castro. Band nesting and the optical response of two-
dimensional semiconducting transition metal dichalcogenides. Physical Review B, 2013, vol. 88, no 11, p. 115205.

[STR 67] STRUTINSKY, V. M. Shell effects in nuclear masses and deformation energies. Nuclear Physics A, 1967, vol.
95, no 2, p. 420-442.

[FAN 04] FANCHINI, G. et TAGLIAFERRO, Alberto. Disorder and Urbach energy in hydrogenated amorphous carbon:
A phenomenological model. Applied physics letters, 2004, vol. 85, no 5, p. 730-732.

[BHA 12] BHATT, R., BHAUMIK, Indranil, GANESAMOORTHY, S., et al.Urbach tail and bandgap analysis in near
stoichiometric LiNbO3 crystals. Physica status solidi (a), 2012, vol. 209, no 1, p. 176-180.

© 2018 ISTE OpenScience — Published by ISTE Ltd. London, UK — openscience.fr Page | 8



