UDC 546.02. 544.3

O.A.Golovanoval, M.V.Kuimova?

!'F.M.Dostoevsky Omsk State University;
°National Research Tomsk Polytechnic University, Russia
(E-mail: golovanoa2000@mail.ru)

Study of the influence of inorganic and organic additives on the possibility and
regularity of the precipitation process of brushite from aqueous solutions

The article presents a range of issues related to the peculiarities of brushite crystallization in the presence of
additives based on thermodynamic calculations and experimental data. The authors studied the regularities of
phase formation in the system of Ca?" — HPO,* — H,0, an additive in a broad range of variation of Concentra-
tions of components and pH. The effect of silicate-, fluoride-, chloride- and hydrocarbonate-ions on the pre-
cipitation and the composition of the crystallizing phase was investigated. It was found that brushite and other
calcium phosphates co-precipitate from the original system. Studying the influence of organic additives; it has
been established that their presence leads to the precipitation of brushite admixed with apatite phase.
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Introduction

In recent years, considerable attention has been paid to.the creation of ceramic materials for medical
purposes used in reconstruction of bone tissue defects caused by pathological changes in the body, major
surgical interferences or trauma. The use of the materials on the basis of calcium phosphates provides unique
opportunities, since this group of compounds is characterized by biological compatibility with body tissues,
active combination with bone tissue and the formation of new bone tissue. These properties are widely used
for the production of artificial bone grafts, which are either entirely made or only surface-coated with bio-
compatible calcium phosphates. For example, self-hardening cements of calcium orthophosphates are used in
bone regeneration, while titanium prostheses coated with-a surface layer of calcium orthophosphate are used
for endoprosthesis replacement of hip joints and teeth. Porous support structures made of calcium orthophos-
phates are promising tools in tissue engineering [1-5].

Another reason giving rise to a great deal of interest in studies of these minerals is the fact that apatite is
the main part of the inorganic physiogenic (bones, teeth) and pathological (i.e., those appearing due to vari-
ous diseases) hard tissues. For example, dental caries and osteoporosis occur due to the partial removal of
calciferous matter (decalcification) of teeth and bones respectively. This is a consequence of substitution of
less soluble and more solid biological apatite with more soluble and soft dicalcium phosphate. Therefore, the
processes of both physiegenic and pathological crystallization in vivo are crystallization of calcium phos-
phate.

This paper deals with brushite — dihydrate dicalcium phosphate CaHPO,4-2H,0 (dicalcium phosphate
dihydrate — DCPD) which is a quite common but as yet poorly studied biologically important mineral.

DCPD is of frequent occurrence in the composition of pathogenic mineral formations such as dental
stones, kidney stones [6—10]. In medicine it is used in cement compositions based on calcium phosphate.
DCPD . is included in cavity protection toothpastes (in this case it is present together with the fluorine-
containing compounds) and is a mild polishing agent [2, 5, 11].

Analysis of the literature [1, 5, 12] shows that the crystallization process of brushite in a greater degree
depends on the parameters of the solution (such as initial concentration of the components, the pH of the me-
dium) and the reaction conditions (temperature, time of solid phase crystallization, the rate of solution pour-
ing, the mixing procedure). Since the conditions under which brushite is formed are very diverse, the selec-
tion and specification of synthesis parameters of this phase from aqueous solutions are urgent and complex
problems of modern science. In addition, the research aimed at studying the nature of the influence of inor-
ganic and organic additives (components of biological fluids of the human body) on the properties of the
synthetic solid phase is very important.

The aim of this work is to study the effect of organic and inorganic additives on the opportunity and the
regularities of the precipitation process of brushite from aqueous solutions.
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Materials and methods

Thermodynamic calculation. At the initial stage of the study, thermodynamic calculation was conducted
to determine the feasibility and conditions of precipitation of slightly soluble calcium compounds. Aqueous
solutions containing ions of calcium, phosphate, nitrate ions and ammonium were chosen as the systems to
study the regularities of crystallization. The concentration of calcium and phosphate ions was varied between
10 and 200 mmol/L, the content of counter-ions in the system corresponded to the equilibrium stoichiometric
concentration after dissociating of calcium nitrate and ammonium hydrophosphate in aqueous medium. The
consideration of these ions was reduced to the description of their impact on the non-ideality of the solution
due to the electrostatic interactions of ions constituents related to the ionic strength of the solution. The cal-
culation of activity ratio of ions was carried out according to the equation of the second approximation of the
Debye-Huckel theory [13].

During calculations, the value of acidity ranged from 0 to 14, with a step increment of 0.1. Stepped hy-
drolysis of phosphate ions in the solution was considered by the introduction of the value of mole fractions
of those anion forms that are a part of a slightly soluble composition, in the equation forrelative solubility
products. According to the existing data [3-5, 11, 12], in aqueous solutions containing calcium ions and
phosphate ions, the following slightly soluble compounds are formed: Ca(H,P0O,),-H,O (monoecalcium phos-
phate monohydrate), Ca(H,POy,), (monocalcium phosphate), CaHPO,-2H,O (brushite), CagH,(PO4)s-SH,O
(octacalcium phosphate, OCP), Ca,o(PO,)s(OH), (hydroxyapatite, HA), B-Ca;(POj), (tricalcium phosphate,
TCP), Ca(OH),. To determine the feasibility and the conditions of the‘precipitation of the listed substances,
we used the values of thermodynamic solubility products (pK®%) corresponding to the instability constants
data base of complexes SC-database [SCQUERY Version 1.37 (1993)]. Theoretical determination of feasi-
bility and conditions of precipitation of these slightly soluble ecalcium compounds in aqueous media was car-
ried out based on calculations of thermodynamic parameters characterizing the degree of the system devia-
tion from equilibrium. The value of supersaturation index (SI).of the system for each of the compounds was
calculated according to [14]. The driving force of the crystallization process was characterized by the change
in Gibbs’ free energy (AG) when the system transfers from a supersaturated state to equilibrium [14].

If ST> 0, AG < 0 and precipitation of the solid phase from the solution is thermodynamically probable.

Experimental modeling. Brushite crystals were obtained by mixing the dilute solutions of calcium ni-

trate and ammonium hydrogen phosphate as aresult of the precipitation reaction:
Ca(NO3)2 + (NH4)2HPO4 + 2H20 — CaHPO42H20l + 2NH4NO3

The study of the system was carried out at the’equimolar concentrations of the solution of Ca(NOs), and
(NH,4),HPO, at room temperature (2225 °C). During the experiment, the concentration of additives was var-
ied.

The solution was filtered under vacuum after sedimentation of the heterogeneous system during the
chosen period of time. The precipitate was dried at a temperature of ~80 °C to the constant weight for com-
plete removal of the chemically not-bound water. The obtained solid phase was weighed and studied by the
methods of X-ray diffraction «analysis (XRD) (DRON-3M), by Fourier-transform infrared spectroscopy
(FTIR spectrometer FT-801, tablets with KBr) and optical microscopy.

The analysis of variance was performed on the laser diffraction particle size analyzer ShimadzuSALD-
2101 (Laser Diffraction Particle Size Analyzer). According to the results of analysis, we obtained a curve of
particle size-distribution and average particle size in microns using special software (WING-2; WING-3).
For more reliable results, the analysis of the samples was carried out in 4-5-fold repetition, and the relative
standard deviation for these measurements was Sr = 0.02—0.04.

The statistical data processing was carried out using software StatSoft Statistica 6.0.

Results and their discussion

Thermodynamic modeling. The comparison of the values of solubility products K, of studied slightly
soluble compounds, calculated taking into account the ionic strength and hydrolysis processes, with values of
thermodynamic constants K,° showed that in all systems in which Ce,o,), / Conn,),1r0, = 1.33-2.00, crystal-
lization is thermodynamically possible CaHPO,4-2H,0; Ca;o(PO4)s(OH),; CagH,(PO4)s-5SH,0, B-Caz(PO,),
and Ca(OH), (for them K, > K,°). By increasing the ratio of concentrations of calcium and phosphate ions in
the solution, the change of composition and the number of phases (with respect to which the medium is in a
supersaturated state) is not observed. The conditions, under which the deposition of a particular solid phase
is possible, are virtually unchanged at varying initial concentrations of the ions forming the precipitation. So
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the diagrams of crystallization of all of the slightly soluble calcium orthophosphates, for which precipitation
is possible in the studied systems, are almost invariant with the changes of the parameter Ca/P in the solution

(Fig. 1). Consequently, the magnitude C,o,), / Conn,),mro, (When changing from 1.33 to 2.00) does not

have a significant influence on the conditions and sequence of crystallization of slightly soluble compounds
of calcium.

Acidity of the medium has the greatest influence on the process and depth of the reaction behavior of
precipitation. The stability region of Ca;o(PO4)s(OH), (SI > 0) is significantly expanded by increasing the pH
value, reaching a maximum at pH = 12 (Fig. 1), whereupon the supersaturation is virtually unchanged and
remains constant (SI = 3.70). A similar trend is observed for B-Ca;(POy), (Fig. 1).

Ca, (PO, L (OH), Ca, (PO, },

Figure 1. Diagrams of crystallization of calcium orthophosphates (Ca(NO;), / (NH4),HPO4= 1.67)

The established regularity is due to the/fact that with increasing pH value, the mole fraction of ortho-
phosphate ions in the system increases, and at pH>12, the form PO,” predominates in the solution, as the
phosphorus in the form of trisodium orthophosphate ion is included in the composition of Ca;o(PO4)s(OH),
and B-Ca;3(POy),. The supersaturation of the solution concerning the calcium orthophosphates increases, as
the pH increases with that the field of their existence expands, the rate and depth of deposition of the reaction
increase [14].

It is known that CaHPO,:2H,0 and CagH,(POy4)s-5H,O phases that crystallize in slightly acidic and
close to neutral solutions=The areas obtained in the calculations of the possible deposition of the mentioned
salts have the boundaries of 5.0—13.7 and 5.7-14, respectively for CaHPO,4-2H,0 and CagH,(PO,)s'SH,O
(Fig. 1). In practice, in aqueous solutions at pH close to 7, the processes of hydrolysis of the considered cal-
cium orthophosphates with the formation of thermodynamically more stable Ca;o(PO4)s(OH), start. Proba-
bly, this is due to the lack of experimental data regarding the availability of CaHPO,2H,O and
CagH,(POy)s- SH,O in aqueous alkaline solutions and their stable existence in time. However, according to
[12]; the range of pH medium of crystallization at the nonequilibrium growth of brushite (in gel media) is
significantly wider than the well-known thermodynamic equilibrium range 4<pH<6 and includes all experi-
mentally studied pH range from 3 to 8 [12].

In the transition from dilute solutions to the systems with a higher concentration, a significant decrease
in the Gibbs energy of the crystallization process of Ca;o(PO,4)s(OH),, CagH,(PO4)s-5H,O and -Cas(PO,), is
observed [14]. This change reaches 4-6.5 kJ/mol when the concentration of calcium ions and phosphate ions
increases in the system by 20 times. The driving force of the deposition process of brushite varies slightly
depending on the concentration of precipitation forming ions in the medium and reaches its maximum value
(—6.78 kJ/mol) at concentrations = 50—75 mmol/I.

According to the thermodynamic calculations, it is established that in the systems with the concentra-
tions of phosphate ions and calcium ions of 10 to 200 mmol/l and pH from 0 to 14, the deposition of two of
calcium phosphates is most likely: at pH~4.7-6.0 and C>50 mmol/l — brushite, at pH>6.0 and
C<50 mmol/l — apatite, CagH,(PO,)s'5H,O and B-Cas;(PO,), metastable phases in the studied conditions.
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The theoretical results are confirmed during the experimental study of the system of Ca(NOs),—(NH,4),HPO,—
H,O, containing equivalent amounts of ions of Ca*" and HPO,* at low concentrations (10—50 mmol/l) at the
time of pouring of solution the brushite crystallizes, which as it matures in the system, transformes into hy-
droxyapatite; at higher contents of ions of Ca®” and HPO,” in the systems (>50 mmol/l) brushite deposits, the
size of the crystals of brushite increases during ripening in the solution. The crystallization of brushite takes
place in the pH range = 5.00-6.00 at adding a solution of Ca(NQO;), to the solution of (NH4),HPO,. The par-
ticle size decreases with the decrease of the rate of pouring of the reactants.

It should be noted that the constructed thermodynamic model reflects the possibility of the formation of
phases only on the basis of the data about their thermodynamic stability in the standard state. It does not take
into account kinetic factors influencing the formation process of the solid phase in the actual conditions.

The concentration of precipitation-forming ions is one of the most important parameters influencing the
crystallization process, its direction, velocity, nature and properties of the developing slightly soluble com-
pound. At initially low concentrations of Ca*" and HPO,” in the calcium phosphate system, according to the
data obtained in the thermodynamic calculations, apatite deposition is possible, whereas, with the increase of
the initial concentrations of precipitation-forming ions the supersaturation system increases relative to
CaHPO, 2H,0, B-Ca3(PO,), and CagH,(PO4)s-5SH,0 and the formation of a mixture of phosphates is thermo-
dynamically probable. Theoretically established regularities were tested in the experiment.

With the methods of XRD, IR-spectroscopy and optical microscopy, it was determined that at the initial
time (when pouring reagents) from the solutions with the concentrations of 10 and'25 mmol/l, brushite crys-
tallizes. When the precipitation matures in the mother liquor, small rhombic crystals of brushite mostly trans-
form into apatite; this indicates greater stability of the precipitation in the studied conditions and agrees with
the data of thermodynamic calculation. The powders obtained after separation from the aqueous phase and
drying are biphasic and consist of brushite and HA (Fig. 2, 3).

In the system where the original concentrations of precipitation-forming ions is 50 mmol/l, brushite
crystallizes with impurity of apatite according to IR-spectroscopy and optical microscopy (Fig. 2, 3). How-
ever, on the diffractograms of the solid phase obtained under these conditions, only reflexes CaHPO,-2H,O
appear and peaks Ca;o(PO,)s(OH), are absent. This isprobably due to the low content of basic calcium phos-
phate in the composition of the precipitate (less than 5 % from the weight of the total solid phase).
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Figure 2. IR Spectra of the samples from the systems
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Figure 3. Diffractogram of the precipitations from the systems

In the studied systems, crystallization of only brushite phase occurs at higher initial concentrations of
calcium ions and phosphate ions (C>75 mmol/l). At the initial stage of their formation, the particles have the
form of thin prolate plates, diverging rays from the center (Fig. 4a). Maturing of the sedimentary substance
in the mother liquor leads to the separation of crystals and their enlargement. The greatest growth occurs in
the direction of one of the axes, so the ratio of the crystal length to the width is approximately 10:1 (charac-
teristic feature of brushite crystals [12]). The average particle size of the brushite obtained by precipitation in
the systems with concentration >75 mmol/l is 17.5=22.5 um.

a — at the moment of pouring together; b, c — 2 days after maturation
Figure 4. Image of brushite particles obtained from the solution with Cy, = 75 mmol/l

Overall, the results of theoretical and experimental study of the phase formation processes in the system
Ca(NOs), — (NH4),HPO, — H,O agree well with and complement each other. The driving force of the deposi-
tion process of brushite was evaluated and the influence of several factors on the regularities of phase for-
mation in the system Ca(NO;), — (NH4),HPO, — H,O was established. The features of brushite were revealed
in the course of comprehensive multicenter study of the spontaneous crystallization of slightly soluble calci-
um phosphates (controlled by both thermodynamic and kinetic factors). Based on the obtained results it can
be stated that further investigation of crystallization of calcium hydrogen phosphate dihydrate in the presence
of organic and inorganic substances of biological origin is necessary to clarify the mechanisms of their influ-
ence on the processes of mineralization in vivo.

38 BecTHuk KaparaHamHcKoro yHueepcuteTa



Study of the influence of inorganic ...

Research of the influence of the inorganic anions on the properties
of synthetic solid-phase and characteristics of the deposition process

The influence of fluoride ions on the crystallization in the system Ca(NO;), — (NH;),HPO,; — NaF —
H,0. Theoretically, in the given ionic composition (Ca2+, Na', NH,", NO5, H2P04'/HPO42'/PO43, F,H', OH)
the deposition of the following slightly soluble calcium compounds is possible Ca(OH),, CaHPO,4-2H,0,
CagH,(POy)s- SH,0, Ca,H,(PO,).-nH,0, Cajo.(HPO,),(PO4)s.(OH),.., Caio(PO4)s(OH),, Caio(PO4)sF,. In the
experimental study it was found that in a similar system without the addition of fluoride ions
(pH=5.50£0.05, t=22-25°C, t=48h.) the crystallization of only phase brushite occurs —
CaHPO, 2H,0. In the presence of anions F~ in the medium of crystallization, the formation of least soluble
phase of all currently known calcium phosphates — fluorapatite is probable. Therefore, the experiment on
the crystallization of the solid phase in the presence of fluoride ions, whose content in the/system ranged
from 1.06-10~ to 1.06:10 mol/l (the minimum concentration corresponds to the content of F~ in human
stomatic fluid), was conducted to study the influence of fluoride ions on the process of phase formation in
the studied conditions.

The study of the obtained solid phases by IR-spectroscopy showed that the value of the initial concen-
tration of fluoride ions has a significant impact on the nature of the crystallizing substance. With the increase

of C_ in the system, there is a change of the type of crystallization process: brushite — mixture of brushite

and hydroxyl/fluoro-apatite — fluorapatite.

The analysis of IR spectra of samples synthesized at higher concentrations of fluoride ions (0.53—
1.06 mmol/l) showed that in these conditions the formation of additional crystal phase occurs, probably of
fluoro-substituted non-stoichiometric hydroxyapatite Ca;o.(HPO4)(PO,)s..(OH),_».F,. In this case, the sam-
ples are biphasic. The complex structure of the spectrum in the near infrared region (ranges 500-650, 1000—
1200 cm™") proves it. Absorption bands of brushite and apatite are jointly present in this region. With further
increase of the initial content of F~ in the system (>5.30 mmol/l), fluorapatite (Ca;o(PO4)sF,) is presumably
the prevaling component of the obtained precipitate. This.is evidenced by the presence of intense peaks at
1040 and 1090 cm™ triply degenerate mode of antisymmetric valence vibration of P—O (vs) in the composi-
tion of apatite and a broad flat absorption band in the range 3300-3500 cm™ (Fig. 5).

4000 F500 000 2500 2000 1500 o009 s

v, cm’
1 — brushite (50mM); 2 — C(F") = 53 mM; 3 — C(F) = 106 mM

Figure 5. IR spectra of solid phases from the solutions
without additives and with the impurity of fluoride ions

The conducted analysis of variance of all obtained solid phases showed that the particle size increases
with the increase of initial concentration of the additive of fluoride ions in the initial crystallization medium

(Fig. 6). Thus, the precipitations obtained from the solutions with C, <106 um have large size

Cepust «Xumusi». Ne 4(80)/2015 39



0O.A.Golovanova, M.V.Kuimova

(Dinodal ~ 50-100 micron) compared to brushite, which precipitation occurred in the medium without addi-
tives. The increase of fluorine content in the initial solution leads to a further increase in the particle size of

the precipitation. Thus, at C, = 1.06 mm, the diameter of particles is about 170 pm.
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Figure 6. Dependence of the diameter of the particles
on the concentration of the fluoride ions in the system

The presence of one peak on the differential curves of the particle size distribution (Fig. 7, 8) indicates a
predominance of particles of certain diameter in the composition of the samples extracted from the solutions

with C__ = 0-1.06 um. For the samples of fluorapatite obtained at 5.30 pm < €, <10.6 um, the differential

curves have two maxima (Fig. 8); therefore, the solid phase is primarily composed of particles of two frac-
tions, for which Dpogai1y= 100-200 um and Dpogaiz) = 400-500 um.
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Figure 7. The differential curves of particles size distribution
of the solid phases obtained at C,. = 10.6-106 mkmol/l, pm
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Figure 8. The differential curves of particles size distribution
of the solid phases obtained at C_ = 0.53-6.10 mkmol/l, pm

The influence of chloride ions on the crystallization in the system Ca(NOj), — (NH,),HPO,— NaCl — H,O.
The synthesis of brushite conducted in the presence of chloride ions; whose content in the system was varied
in the concentration range 0.010—0.100 mol/l (the content of CI in human stomatic fluid — 0.015 mol/L) to
study the influence of additives on the process of phase formation under these conditions.

The study of the obtained phases by the method of IR-Fourier spectroscopy enabled to state that Cl” ions
added to the solution even in a small amount of (C(C1)=0.010 mol/l) cause joint crystallization of brushite
and hydroxyapatite. Thus, on the infra-red spectrum-of sample absorption there are peaks at 653, 578 cm’'
and also 1135 and 1060 cm™', which are characteristic for HPO,> — groups in brushite, and bands due to
variations of water: at 1646 cm™ and a broad.band. in the region 3500-3000 cm” with a minimum of
3420 cm™ (Fig. 9).

N

I1-cC(ct’)=0.010
2-C(Cl" ) =0.040.
3-C(Cl”)=0.070
4-C(CL") =0.100

4000 33500 3000 23500 2000 1500 1000 300

Figure 9. The IR spectra of the synthetic phases in the presence of chloride ions (mol/l)
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According to the analysis of variance dispersing composition of synthetic powders the size of the parti-
cles of the obtained combinations increases with the concentration of additives in the initial system (see Ta-
ble). Moreover, for the samples obtained by precipitation from the system with the initial concentration of
chloride ions 0.040 and 0.010 mol/I the distribution curves of particle size are bimodal. It indicates the for-
mation of crystals of two fractions (Iya = 30 um, Iy = 150 um) (Fig. 10) in the test conditions and shows
the presence of two phases in the composition of the precipitation. The dependence with monomodal particle
size distribution is characteristic for other synthetic samples, the value of the average diameter of particles
ranges from 30 to 70 um.

Table
Specifications of synthetic solid phases
The concentration of chloride ions in mol/l ..
in the initial solution solid phase Ca/P the precipitate D, MM
0.010 0.002+0.000 1.47+0.04 25.1
0.040 0.002+0.000 1.47+0.04 39.6
0.070 0.005+0.000 1.2340.13 57.8
0.100 0.008+0.000 1.16+£0.04 60.1
g ik

« Dhrushite » S, = 50
.g-C(cl) =0,010
A ool =0,040
A-cicly =0.070

AR cicl) =0,100
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Figure 10. The distribution curve of the particles obtained in the presence of chloride ions (mol/l) in size, pm

The influence of hydrogen carbonate ions on the crystallization ion in the system Ca(NO3), —
(NH,),HPO,— NaHCO; — H,O. It:is known that carbonate ions are a part of the human biological fluid and
sometimes may exceed-the content of phosphate ions. Therefore, in the following step the influence of
hydrocarbonate ions on nature, composition and properties of the precipitated solid phase was studied. The
additive concentration ranged from 0.010 to 0.100 mol/l. The investigation by the method of IR-Fourier
spectroscopy of the phase composition of the samples obtained from the systems with additives HCO;
showed that obtained precipitations are formed with brushite with the admixture of a minor amount of hy-
droxyapatite, the spectrum is similar (Fig. 9). At this stage of the experimental study it was found that added
to_the crystallization medium hydrocarbonate ions lead to the precipitation of brushite with the impurity of
hydroxyapatite: The increase in the content of the ions of additives in the precipitation is caused by their ad-
sorption on the surface of the solid phase.

The influence of silicate-ions on the crystallization in the system Ca(NO;), — (NH,),HPO, — Na,SiO; —
H,0. Tt is assumed that the bioactivity of the materials is defined by their chemical composition, crystal mor-
phology and properties of surface materials. Therefore, the primary method of managing this property is the
chemical modification of calcium orthophosphates. By the example of glass-ceramics produced in the system
Ca0—Na,0-SiO,—P,0;s, it is known that the presence of silicon in the material and at its surface accelerates
the union of the implant with the bone. Thus, the use of these materials in medical applications is very prom-
ising.

The analysis of the IR-Fourier spectroscopy of the samples with the addition of silicate-ions showed
that all precipitations are monophasic and formed by brushite (Fig. 11). There are groups of absorption bands
that are characteristic for brushite on the spectra of the obtained samples.
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1 — C(Si05% )inigiar = 0.001 M; 2 — C(SiO5% )initia= 0.015 M

Figure 11. IR-spectrum of synthesized phase in the presence of silicate-ions

The study of the influence of organic anions on the properties
of synthetic solid phase and characteristics of precipitation process

There are numerous organic components of human biological fluid. It contains simple (albumins, globu-
lins), compound (glycoproteins) proteins, proteins and non-protein nitrogen-containing components — ami-
no acids, urea, et al., as well as carbohydrates and the products of their transformation (pyruvic, citric and
acetic acids), vitamins, hormones, lipids, ferment-(glycoproteins, mucin, immunoglobulin A, phosphatases,
lysozyme, hyaluronidase, ribonuclease and others) [7]. Protein acid-base buffer system plays a role of neu-
tralization, combining the protons of acids with negatively charged groups of aspartate and glutamate:
COO + H' <> COOH; the bases ‘are neutralized by a protonated group of radicals of lysine and arginine with
the formation of a free amino group and a water molecule: RN'H + OH <> RNH, + H,0. The proteins fulfill
important functions related to<he protection, mineralization processes and participation in digestion. The
content of proteins varies within.0:95 — 6.30 g/l according to different authors [6, 7].

The influence of acetate-, citrate- and pyruvate-ions on the crystallization of the solid phase. Three se-
ries of syntheses were conducted to study the influence of acetate-, citrate- and pyruvate-ions on the crystal-
lization process of brushite. Organic additives were added into the investigated system Ca(NOj), —
(NH4),HPO4— H>0 in the form of sodium salts of the acids, wherein the additive concentration was varied in
the range/of 10 to 200 mmol/I.

According to IR-Fourier spectroscopy it was revealed that the precipitation of the basic calcium phos-
phate — hydroxyapatite occurs in the presence, in the medium of crystallization, of additives along with
brushite. The increase in the content of impurity ions does not affect the phase composition of the samples.
Thus; when the concentration of the additive changes in the range from 10 to 200 mmol/l, after 2 days of matu-
ration, the solid phase is a mixture of brushite and hydroxyapatite (Fig. 12). It is indicated by the joint presence
of the absorption bands that are characteristic for these calcium phosphates on the spectra of the samples.

With IR-Fourier spectroscopy it was revealed that under chosen conditions of the synthesis, the impuri-
ty ions introduced in the system cause joint crystallization of two calcium phosphates of different stoichiom-
etry. Adsorptive interaction of the ionized form of the additive with the charged regions of the surface of the
solid phase leads to the blocking of the active centers of the growth of brushite crystals and the inability of
their advancement, i.e. the change of the composition and a more streamlined structure, resulting in the pre-
cipitation of an additional phase of apatite.
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Figure 12. IR-spectra of the synthetic phases obtained in the presence
of acetate (1), citrate (2) and pyruvat-ions (3), 200 mkM
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Figure 13. IR-spectra of the synthetic phase obtained in the presence
of glucose (1), Cinisial = 90 mg/1; casein (2), Ciniiat = 1 g/1; gelatin (3), Cipitiar = 2 &/1

The influence of glucose, casein and gelatin on the crystallization of the solid phase. Further we ex-
plored the mechanism of the influence of gelatin additives (Ciyar = 0.5-2.0 /1), glucose (Ciniar = 1.8-90
mg/l) and casein (Ciia1 = 0.10—1.00 g/1), the concentration of the latter was chosen based on the data in the
composition of human stomatic fluid on the processes of crystallization of the solid phase.

According to the data of IR-spectroscopy, it was established that brushite is present in the composition
of precipitations (Fig. 13). Organic component is found in all samples along with the mineral component. On
the IR spectra of the samples, the absorption bands of vibrations of bonds of inorganic and organic groups
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are found: 1010-1050, 600, 570, 480 cm™ — stretching vibrations and deformation vibrations of the bond
O-P-O- PO, ions; 1420-1460 cm™ — CO;* and NO; ions; doublet, characteristic for vibrations of the
CH bond — in 2980, 2940 cm’'; the absorbance at 640 cm™ — OH. In the near-spectrum region, the intensi-
ty is 1650 cm™, while in the farther there is a broad band of 3150-3400 cm™ corresponding to the vibrations
of molecular water.

The conducted studies enabled establishing that the nature of the influence of the organic additives is
similar. Organic molecules introduced into the crystallization medium, cause the precipitation of dicalcium
phosphate dihydrate with the impurity of apatite phase. Adsorbed on the surface of the solid phase, they in-
hibit the centers of growth of the germinal crystals of brushite. In addition, there is a possibility for the for-
mation of hydroxyapatite due to the fact that this phase is little resistant under the experimental conditions.
As a result, the residual supersaturation of the system is removed by the formation of apatite phase.

Thus, the influence of components of human biological fluids on the possibility and the regularities of
the process of precipitation of brushite has been researched. It has been established that the nature of influ-
ence of inorganic anions (fluorides, chlorides, hydrocarbonates, silicates) is associated with the change of the
phase composition of the crystallizing substance. The influence of organic matter on the process of crystalli-
zation is realized by the adsorption mechanism.

This work was partially supported by the Russian Foundation for Basic Reseavch (Grant Ne 15-29—
04839 ofi_m).
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O.A.T'onosanosa, M.B.KynmoBa
BpymuTTiH CyJbl epiTiHaiIepaeH TYyHOaFa Tycy NpoueciHiH MyMKIHAIri
MeEH 3aHIbLIBIKTAPbIHA 0€l0PraHUKAJBIK KOHE OPraHUKAJIbIK
KOCHAJIAPBIH JCEPiH 3epTTey

Makasaza TepMOIMHAMUKAIIBIK €CENTeyNIep JKOHE TIKIpUOeNiK MaTepuas Herizinae OpYIIMTTIH Kocmaaap
KATHICHIHIA KPUCTAIIAHY ePEKIICTIKTpiMEH GaiilaHbICTEI Macenenep KOMIUIEKCi KapacThipsuiapr. Ca’' —
HPO,* — H,0 — xocnanap xyiiecingeri (a3arysily 3aHablIbIKTapbl KOMIOHEHTTEPIIH KOHIICHTPALUAIAPHI
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soHe pH-ThIH op Typui MaHzepinae 3eprreni. Kpucrannanatsin da3zaHblH KypaMbIHA jKoHE TyHOara TycyiHe
CHIIMKAT-, (TOpUA-, XJIOPHUA- KOHE TI'MAPOKApOOHAT-MOHIAPBIHBIH ocepi 3eprrenni. bacrankel sxyitenen
OpyIINT jXoHE KaJbLUiIiH Oacka QocdaTrapeiHbiH Oipirin TyHOara TyceTiHi kepcerinmi. OpraHHKajbIK
KOCHaJapJbIH ocepiH 3epTTereH Ke3zie oJIapAblH OpYIIMTTIH amaTHTTI ¢a3a KocmanapsIMeH Oipre TyHOara
TYCETIHI aHBIKTAJJIbL.

O.A.T'onosanosa, M.B.KynmoBa

N3yuyenne BIMAHUA HEOPTaHUYECKHUX U OPraHUYecKuX 100aBOK
HAa BO3MO’KHOCTb U 32aKOHOMEPHOCTH MPOoIecca 0CAKIeHUs Opymura
U3 BOJAHBIX PACTBOPOB

B crarhe Ha OCHOBE TEPMOIMHAMHYECKOTO pacyeTa M HKCIEPUMEHTAIbHOTO MaTepuanga pacCMOTPEH KOM-
IUIEKC MPOOJIeM, CBSI3aHHBIX C OCOOCHHOCTSIMU KPHCTAUIM3aUK OpylmnTa B MPUCYTCTBHU 100aBOK. Mccie-
JI0BaHBI 3aKOHOMePHOCTH (a3oo0pazoBanus B cucteMe Ca’’ — HPO,* — H,0 — 100aBKH B IIMPOKOM. MHTEp-
BaJie BapbHUPOBAHUS KOHIEHTPAIMH KOMIIOHEHTOB U pH. M3ydeHo BimsHHME cmiMKar-, GTOPUI-, XIOPHI- 1
THIPOKapOOHAT-HOHOB HA OCAXKIEHHE M COCTaB KpucTammsyromeiics ¢assl. IlomydeHo, 4TO M3 HCXORHOMN
CHCTEMBI COBMECTHO OCa)KIaloTcsi OpymuT u apyrue docdarsl kanpuust. [Ipy n3yueHun BIUsAHUSA OpraHuye-
CKHX 100aBOK yCTaHOBJIEHO, YTO MX MPHCYTCTBHE NMPUBOAUT K OCAXKJIEHHIO OPYyINTA C IPHMECHIO allaTHTO-
BoOH (a3l
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