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Inroduction
Synthetic hydroxyapatite (HAP) Са10(РО4)6(ОН)2 – widespread material that used in
medicine for treatment of damaged bone tissue due to chemical and stage similarity with
inorganic components of bone tissue [1, 2]. For enhancement of efficiency of bioresorbable
implants as substitutes of bone tissue it is possible to use a material bases on carbonized
hydroxyapatite Ca10-xNax(PO4)6-x(СO3)x(OH)2, in which РО4 group partially replaced by СO3
group. It is more precisely reproduce the structure of bone in comparison with not modified
hydroxyapatite.
The process of synthesis of hydroxyapatite according to the following mechanism [2]:
(10-x)Ca(NO3)2 + (6-x)(NH4)2HPO4 + xNaHСO3 + 8NH4OH →
→ Ca10-xNax(PO4)6-x(CO3)x(OH)2↓ + (20-2x)NH4NO3 + 6H2O.
In this case, the nanocrystals are precipitated from a colloidal solution and have a size equal
to 30 nm, that is the optimal particle diameter for the process of bioresorption [3]. As we can
see, in the synthesis of nitrogen-containing NO3 and NH4 groups are used, which can be
trapped by falling out particles of hydroxyapatite. These compounds are highly toxic and
prevent the use of hydroxyapatite in medicine [3].
There are two different mechanisms to capture nitrogen compounds by hydroxyapatite
nanoparticles:
1. NO3 and NH4 groups replace PO4 and OH groups in the crystal lattice of hydroxyapatite.
2. On the surface of hydroxyapatite held a mother solution containing NO3 and NH4 groups.
In the first case, it is very difficult to remove nitrogen compounds from the drug. In the
second case, there is drug wash with distilled water used, followed by removal of water by
annealing the powder of HAP with temperatures over 100 °C. The water evaporates and grab
NO3 and NH4 groups, thereby reducing their concentration in the final preparation.
Thus, there is need for detecting the presence of nitrogen-containing compounds in the
hydroxyapatite, the definition of localization and verification mechanism for the HAP by
annealing treatment with EPR method.
Results and discussion
In the experiments, we investigated samples of carbonated hydroxyapatite and HAP
doped with manganese. In these samples we can observe the EPR signal of manganese
centers. In order to detect the other impurity centers, hydroxyapatite samples were irradiated
by X-ray. After the irradiation spectrum was observed (fig.1). It consists of three lines of
equal integrated intensity, which suggests that the observed spectrum is determined by the
hyperfine interaction of the magnetic moment of the unpaired electron of paramagnetic center
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Fig.1. The EPR spectrum of NO32- complexes in HAP
with the magnetic moment (I=1) of the nitrogen nucleus 14N. The values of the g-factors and
hyperfine constants proves that we have observed the spectrum of NO32- complexes.
To check the effect of HAP synthesis technique, we compared the spectrum of the
NO32- groups in the carbonated HAP and hydroxyapatite doped with manganese (fig.2). The
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Fig.2. The EPR spectra of NO32- complexes in the carbonized hydroxyapatite and HAP
doped with manganese
line width of the spectrum for hydroxyapatite doped with manganese is larger than that of
carbonated HAP, but the value of the integrated intensity of the EPR spectra are almost equal,
which means almost the same concentration of NO32- complexes in these samples.
The particles of hydroxyapatite powder might be doped either only manganese ions or
CO3 groups ions or the both. To determine are the particles of HAP co-doped or not, we
measured the time of spin-spin relaxation of the NO32- groups in the carbonated
hydroxyapatite and HAP doped with manganese (fig.3). As we can see, the addition of even
very small amount of manganese reduces T2 to 30 times. Therefore Mn and CO3 ions codoped in the particles of powder. But also this prevented the investigations of EPR spectra of
NO32- groups in HAP doped with manganese by ELDOR methods.
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Fig.3. T2 of NO32- complexes in the carbonated HAP and HAP doped with manganese
Conclusion
The CW X-band EPR spectra of carbonized and doped with manganese hydroxyapatite
were measured and interpreted, their spectroscopic and relaxation characteristics were
obtained.
Measurements showed that the concentration of complexes NO32- is equal in the
samples of carbonated hydroxyapatite and HAP dopes with manganese. The study of samples
of hydroxyapatite doped with manganese ions showed higher probability of complex
formation of manganese ions and NO3 groups within the crystal structure of hydroxyapatite.
The results can be useful for the modernization of the synthesis of nanocrystalline
hydroxyapatite.
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