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Abstract.1 Strontium substitution for lead in  
Pb(8-x)SrxNa2(PO4)6 was analyzed using XRD, SEM, and 
Rietveld refinement techniques. All samples were synthe-
sized using ceramic and semi-ceramic technologies. Pure 
apatite was formed in the composition from x=0.00 up to 
x=2.75. The results indicate that the samples’ collected 
compositions agree with the values calculated. 
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1. Introduction 

A key aspect of compounds with apatite structures 
is isomorphic substitutions. The study of isomorphism is 
one of the fundamental aspects of apatite structures since 
these structures are easily substituted by other atoms, ions, 
or molecules.1-4 Introducing isomorphic additives into the 
crystal structure can change the crystal-chemical charac-
teristics and the properties of resulting compounds or solid 
solutions. Therefore, modifying compounds are widely 
used to develop new substances with new properties. As a 
result, their application area may be extended signifi-
cantly.5-9 Lead apatite structures attract the attention of 
scientists all over the world due to their application in 
various scientific and technological fields. They are 
mainly used as reaction catalysts, luminescent materials, 
luminophores, and moisture and alcohol sensors. Solid 
solutions of lead apatite have laser properties.10-12 

Many studies have examined various lead apatite 
structures (space group P63/m). The first type of lead 
apatite has the formula Pb10(GO4)6X2, where G = P5+, V5+, 
As5+, and X = hydroxyl group (OH-), halogen anions (F-, 
Cl-, Br- and I) and □ (anion vacancy). Lead-
hydroxyapatite Pb10(PO4)6(OH)2) was studied by solid 
solution reaction and precipitation methods. In many stud-
ies, lead-hydroxyapatite solid solution system 
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(Pb10(PO4)6(OH)2) was prepared and calcined at different 
temperatures: 37, 80, 100, 300, 425, 600, and 900 °C or 
kept at 40 °C for seven days.13-19 By precipitating process, 
pyromorphite, Pb10(PO4)6Cl2, and mimetite, 
Pb10(AsO4)6Cl2 structures were synthesized at 298 K.20 
Lead bromoapatite, [Pb10(PO4)6Br2], has been synthesized 
by ceramic method (solid-state reaction) at the tempera-
ture of 900 °C for 20 hours or 750 °C for 87 hours and 
pressure of 1.0 GPa.21 Lead fluorapatite, Pb10(PO4)6F2 was 
synthesized in a conventional muffle furnace at the tem-
perature of 1237 °C 22 or 1000 °C for 10 hours.23 Other 
structures, such as hydroxyvanadinite, Pb10(VO4)6(OH)2, 
were synthesized via the precipitation method,24 vanadi-
nite [Pb10(VO4)6Cl2] was synthesized at the pressure of 
7.67 GPa under hydrostatic conditions,25 and lead vanado-
iodoapatite Pb10(VO4)6I2 was prepared at 800 K under 
thermal conditions.26 

The second type of lead apatite with space group 
P63/m has the formula Pb8A2(GO4)6, where A = Na, K, Rb, 
Cs, Tl, Ag, and G = P, V, As, while X anions in their com-
position are absent. Silver lead apatite system Pb8Ag2(PO4)6 
at the temperature of 215 °C and pressure of 10 MPa was 
obtained by hydrothermal processes.27 Lead sodium apatite 
with the structures Pb8Na2(PO4)6, Pb(8-x)LnxNa2(GO4)6,  
Pb(8-x)LnxNa2(GO4)6O(x/2) and Pb(8-x)LnxNa2(GO4)6�(2-

x/2)O(x/2), (G = P5+, V5+ and Ln = rare earth elements), were 
synthesized and reported in many studies. According to the 
solid-state method, the lead sodium apatite Pb8Na2(PO4)6 
was synthesized at 500 °C for three days, then the tempera-
ture was increased to 1000 °C for 12 hours, and finally it 
was decreased to 500 °C.28 In other works,29-31 lead sodium 
apatite compounds Pb(8-x)LnxNa2(PO4)6O(x/2) and  
Pb(8-x)LnxNa2(GO4)6�(2-x/2)O(x/2) were obtained by solid-
state method with a large variety of rare earth element sub-
stitutions (La, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Tm, Yb, Y)  
for lead (Pb). The calcined time ranged from 7 hours at 
900 °C to 50–250 hours at 800 °C. Samarium substitution 
(Sm) for lead (Pb) in lead sodium vanadate  
Pb(8-x)SmxNa2(VO4)6O(x/2) has been investigated as well.32 
This apatite was synthesized via solid-state reaction at 
600 °C for 67 hours. 

Several studies have been conducted to synthesize 
the crystal structure of lead-strontium hydroxyapatite: 
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Strontium and lead hydroxyapatite Sr(10−x)Pbx(PO4)6(OH)2 
(0 ≤ x ≤ 10) was precipitated and dried for 12 hours at 
100 °C before being annealed for 4 hours at 600 °C.33 
Strontium-lead hydroxyapatite has the formula  
PbxSr(1-x)Ca9(PO4)6(OH)2 (0 ≤ x ≤ 1). These solid solu-
tions are obtained at 160 °C for 12 hours under hydro-
thermal conditions.34 At the same time, there are no stud-
ies or data for lead-strontium sodium apatite crystal struc-
tures with the formula Pb8-xSrxNa2(PO4)6, which is synthe-
sized due to the substitution of strontium for lead in Lead 
Sodium Apatite Structure Pb8Na2(PO4)6. 

Therefore, this work aims to synthesize and ana-
lyze isomorphism substitutions Sr for Pb in the Pb8-

xSrxNa2(PO4)6 composition system (0 ≤ x ≤ 4). 

2. Experimental  

2.1. Materials 

Solid solution samples of system Pb8-

xSrxNa2(PO4)6, where x  = 0.00; 0.50; 1.00; 1.50; 2.00; 
2.75; 3.00; 3.50 and 4.00 were prepared and synthesized 
by two methods: ceramic and semi ceramic methods. To 
obtain the isomorphism substitution of solid solutions 
system Pb8-xSrxNa2(PO4)6, we used chemically pure 
Lead(II) oxide (PbO), sodium carbonate (Na2CO3), nitric 
acid (HNO3), and ammonium nitrate (NH4NO3). Stron-
tium carbonate (SrCO3) and ammonium phosphate 
((NH4)2HPO4) were of analytical grade, and glycerol 
(C3H8O3) was Class 9. All these materials were weighed 
on an electronic analytical balance with an accuracy of 
±0.2 mg immediately before loading. Na2CO3 and SrCO3 
were calcinated at 500 °C for 3 hours to remove adsorbed 
water and cooled to room temperature in a desiccator with 
freshly calcined silica gel. 

2.2. Instrumentation 

DRON-3 M diffractometer (CuKα radiation and Ni 
filter) with electronic control was used to analyze the 
synthesized samples in the X-ray phase. To determine the 
phase composition of the samples obtained the diffraction 
patterns were taken at a counter-rotation speed of 2º per 
minute (2θ). The identification of the phase composition 
of the samples was performed using the Match program 
(version 3)35 and the X-ray database pdf-2 (ICDD). The 
solid solutions unit cell's parameters were computed using 
the FullProf Suite Package (3.0) program DICVOL. For 
the refinement crystal structure of solid solutions obtained 
by the Rietveld method, we used an experimental array of 
intensities and angles of reflection in the range of 15-140º 
(2θ) conducted by the electronically controlled diffracto-
meter DRON-2. The exposure time at each point and the 
scanning steps were 3 seconds and 0.05º, respectively. 

Refinement was achieved using the FULLPROF.2k soft-
ware (version 3.40)36 with a graphical interface Win-
PLOTR included in the above software package. Calculat-
ing theoretical intensities and refinement of the unit cell's 
parameters, atomic coordinates, isotropic temperature 
parameters of atoms, and filling factors of correct point 
systems were performed using the FullProf.2k program 
(version May-2018) from the WinPLOTR software pack-
age.37 The corresponding atoms' coordinates in the sodium 
lead apatite Pb8Na2(PO4)6 were used as initial data for the 
calculations.38 Some samples were examined by scanning 
electron microscopy JSM-6490LV with an X-ray energy 
dispersive spectrometer (INCA Penta FETx3) to deter-
mine the grain size, elemental composition, and distribu-
tion of elements over the surface of the particles. 

2.3. Procedure 

The Pb8-xSrxNa2(PO4)6 solid solutions were synthe-
sized by two methods: the first method was called solid-
state reaction or ceramic technology when all samples 
were mixed while grinding in an agate mortar for 20–30 
minutes. The mixtures were placed in alundum crucibles 
and calcined at 300 °C for 3 hours to remove volatile 
substances. The weight was 1 g. The synthesis conditions 
were provided by multistage calcination of the mixtures in 
the temperature range of 400–800 °C with intermediate 
grinding of the sinter every 100 °C. The essence of the 
second method called the precipitation method or semi-
ceramic technology is the following: after weighing all 
samples of starting materials, each sample was placed in a 
100 mL heat-resistant beaker and wetted with distilled 
water. Then 5 mL of concentrated nitric acid was added. 
The total volume of the resulting solution was brought up 
to 25–30 mL with distilled water. Complete dissolution of 
weighed portions of the starting materials was achieved 
with slight heating of the solution. After that, 2 mL of 
glycerol and approximately 1 g of ammonium nitrate were 
added to each resulting solution. The necessity of this 
stage lies in the fact that glycerin and ammonium nitrate 
contribute to an increase in friability and a decrease in 
adhesion to the walls of the charge glass, which is formed 
after the removal of the solvent. Water removal was car-
ried out by slow evaporation during heating, in which the 
resulting solutions were maintained in a “pre-boiling” 
state. Each sample was calcined in a muffle furnace with a 
gradual increase in temperature to 500 °C to decompose 
intermediate products and remove gaseous substances. 
The solids were homogenized for 10 min in an agate mor-
tar, placed in alundum crucibles, and then calcined at 
temperatures of 300 °C and 600 °C for 2 h to remove 
volatile substances. According to this method, the homog-
enization of the sample components was carried out in an 
aqueous solution with nitric acid. Compared with the 
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classical method, known as a solid-state reaction or ce-
ramic technology, the advantage of “semi-ceramic tech-
nology” is the mixing of the component of the starting 
materials in a solution accomplished to a significantly 
greater extent than when grinding in a mortar or homog-
enization in a ball mill. Subsequently, the best degree of 
homogenization of the initial components leads to a de-
crease in the sample time of high-temperature calcination.  

All samples synthesized by ceramic and semi-
ceramic technologies were calcined at a temperature of 
800 °C to reach a constant phase composition. After every 
3-4 h of calcination at 800 °C, the samples were homoge-
nized and analyzed by X-ray to monitor the reaction pro-
gress. The total calcined time at 800 °С was 23 h. 

3. Results and Discussion  

The X-ray phase analysis of Pb(8-x)SrxNa2(PO4)6 
(0 ≤ x ≤ 4) solid solutions showed that the phase of the 
apatite structure is present in all synthesized samples' 
diffraction patterns (Fig. 1).  

In the composition range 0 ≤ x ≤ 2.75, diffracto-
gram system Pb8-xSrxNa2(PO4)6 shows only reflections of 
the NaPb4(PO4)3 phase (pure apatite). The compositions 
with x = 3.00 and 3.50, present reflections of the PbO and 
NaSrPO4 phases besides the apatite reflections. The rela-
tive intensity of the reflections of these two phases increa- 

ses with the increase in x. Fig. 2 shows the diffraction 
pattern of composition with x = 4.00 for the system Pb8-

xSrxNa2(PO4)6 and X-ray diffraction patterns of the phases 
identified were created according to the pdf-2 database 
(ICDD). During the phase identification of apatite struc-
ture with x = 4.00, many reflections belong to other apa-
tite phases besides pure apatite phases, such as 
NaPb4(PO4)3, Pb5(PO4)3OH, PbO, NaPbPO4, and  
NaSrPO4. 

The formation of a single-phase for Pb8-

xSrxNa2(PO4)6 system is confirmed by the composition 
with x = 2.00 and 2.50 using scanning electron micros-
copy. Fig. 3 shows a micrograph of a composition sample 
with x = 2.50. 

The results obtained by scanning electron microscopy 
showed the formation of acceptable polycrystalline samples, 
for which the size of the aggregates is 3–10 microns and the 
size of individual grains is 1–3 microns. It should be noticed 
that chemical elements are spread uniformly throughout the 
particle surface (Figs. 4, 5). The expected theoretical compo-
sition of the obtained samples is in agreement with the calcu-
lated values (Table 1). We found no grains with different 
content of the main components. 

Based on X-ray phase analysis and electron mi-
croscopy scanning, strontium substitution for lead in the 
Pb8Na2(PO4)6 compound, single-phase solid solutions are 
formed within the composition range with 0.00 ≤ x < 3.00. 

 

 
 

Fig. 1. X-ray System Pb(8-x)SrxNa2(PO4)6 diffraction patterns, all samples calcinated at 800 °C for 23 h 
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Fig. 2. The X-ray diffraction pattern Pb4Sr4Na2(PO4)6 is based on the pdf-2 database (ICDD) 
 

 
 

Fig. 3. (a) Micrograph of Pb6Sr2Na2(PO4)6 composition, and (b) Pb5.5Sr2.5Na2(PO4)6 composition (magnified 5000 times) 
 

Table 1. SEM results of Pb(8-x)SrxNa2(PO4)6 with x=0.00, x=2.00 and x=2.50  
Content, wt. % 

Pb Na Sr P O х Calcda found Calcda found Calcda found Calcda found Calcda found 
0.00 22.3 20.0 5.7 5.0 - - 14.8 15.0 57.2 60.0 
2.00 15.2 15.0 7.2 5.0 5.1 5.0 14.2 15.0 58.3 60.0 
2.50 14.1 13.8 6.9 5.0 6.2 6.2 13.7 15.0 59.1 60.0 

a Calculated 



New Solid-Solutions of Substitution Strontium (Sr) for Lead (Pb) in Apatite Structure   723 

 
 

Fig. 4. Micrograph of Pb6Sr2Na2(PO4)6 composition and the distribution  
of elements on its surface, obtained by X-ray phase analysis 

 

 
 

Fig. 5. Micrograph of Pb5.5Sr2.5Na2(PO4)6 composition and diffusion  
of elements on its surface, obtained by X-ray phase analysis 

 
The isomorphic isovalent substitution of lead for 

strontium is accompanied by a change in the parameters 
of the elementary hexagonal cell of the apatite structure 
dependent on the strontium content in the solid solution 
structure. This dependence is shown in Fig. 6. The change 
in the cell parameter a is within the same determined 
range, whereas in the single-phase area the value of the 
cell parameter c decreases linearly with increasing stron-
tium content in the solid solution. 

Refinement of the crystal structure properties for 
solid solutions Pb(8-x)SrxNa2(PO4)6 was conducted for the 

sample compositions with x = 0.00, 1.00, 2.00, and 2.75. 
Two cationic positions M1 and M2 of the apatite structure 
are “claimed” by three different cations (Na+, Sr2+, and 
Pb2+) in the crystal structure of strontium-containing solid 
solutions. Therefore, their positional distribution cannot 
be determined without introducing other loca-
tions/assumptions. Based on this, when calculating the 
occupancy of cationic positions in the structure of Pb(8-

x)SrxNa2(PO4)6 solid solutions, the following provisions 
were first taken into account: 1) all the elements included 
in the sample are in ionic form; 2) the principle of elec-
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troneutrality is observed; 3) cation positions M (1) and 
M (2) must be filled and not contain vacancies. Assess-
ment of the “correctness” of calculating the distribution of 
cations was carried out by the reliability factors and the 
“adequacy” of the values of the isotropic thermal parame-
ters of the atoms. Second, one cation occupancy at posi-
tion M (1) or M (2) was recorded since the distribution of 
only two cations between two positions could be calcu-
lated. M–O bonds in the M (1) polyhedron are predomi-
nantly ionic ones in the crystal structure of the 
Pb8Na2(PO4)6 compound, and in the M (2) polyhedron 
they are covalent. In addition to the ionic nature of the Na 
– O, Sr – O bonds and the covalent nature of the Pb – O 
bond, the most likely situation is when Na+ and Sr2+ ions 

are localized in the M1 cationic position and Pb2+ ions are 
localized in the M2 cationic position.39, 40 

When refining Pb(8-x)SrxNa2(PO4)6 crystal structure, 
different variants to fixate the occupations of cations 
M (1) and M (2) positions were used, and “adequate” 
results were obtained in the following cases: 

Assumption 1: in the structure of solid solution 
Pb(8-x)SrxNa2(PO4)6 sodium atoms are distributed in the 
same way as in the Pb8Na2(PO4)6 structure, and the occur-
rence of strontium ions does not affect the redistribution 
of sodium ions;  

Assumption 2: Sr2+ ions are localized only in posi-
tion M (1) of apatite structure, and the Na+ and Pb2+ ions 
are distributed between two cation sites. 

 

 
 

Fig. 6. The a and c unit cell parameters versus the substitution limit in the Pb(8-x)SrxNa2(PO4)6 
 

 
Table 2. Site occupancy of cationic positions and reliability factors in the structure Pb5.25Sr2.75Na2(PO4)6 

 Assumption 1 Assumption 2 
Pb(1) (4f) 0.81(2) 0.64(2) 
Na(1) (4f) 1.86 0.61(2) 
Sr(1) (4f) 1.43(2) 2.75 
Pb(2) (6h) 4.45(2) 4.61(2) 
Na(2) (6h) 0,14 1.39(2) 
Sr(2) (6h) 1.41(2) 0.00 

RB 7.70 7.70 
RF 7.63 6.78 
RP 6.41 6.41 

RWP 8.20 8.19 
χ2 1.39 1.38 
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Table 3. Isotropic thermal parameters of atoms in the system Pb5.25Sr2.75Na2(PO4)6 
Atom Assumption 1 Assumption 2 
M (1) 1.2(2) 1.1(2) 
M (2) 0.77(6) 0.78(6) 

P 2.7(4) 2.7(4) 
O 3.1(5) 3.1(5) 

 
 

Table 4. Selected Mean Interatomic Distances (Å) in the system Pb5.25Sr2.75Na2(PO4)6 
Interatomic Distances, Å Assumption 1 Assumption 2 

M(1)–O(1) × 3 2.47(3) 2.46(3) 
M(1)–O(2) × 3 2.61(4) 2.61(4) 
M(1)–O(3) × 3 2.80(3) 2.80(3) 

<Pb(1)–O(1-3)> 2.63 2.62 
M(2)–O(1) 2.78(3) 2.78(3) 
M(2)–O(2) 2.17(4) 2.17(4) 

M(2)–O(3) × 2 2.46(2) 2.46(2) 
M(2)–O(3) × 2 2.57(3) 2.57(4) 
<M(2)–O(1-3)> 2.50 2.50 

P–O(1) 1.51(5) 1.53(5) 
P–O(2) 1.53(4) 1.53(4) 

P–O(3) × 2 1.61(3) 1.60(3) 
<P–O> 1.56 1.56 

 
Table 5. Site occupancy of cationic positions and reliability factors in the solid solution Pb(8-x)SrxNa2(PO4)6 

 х = 0.00 х = 1.00 х = 2.00 х = 2.75 
Pb(1) (4f) 2.14(2) 1.14(2) 0.41(3) 0.64(2) 
Na(1) (4f) 1.86(2) 1.86(2) 1.59(3) 0.61(2) 
Sr(1) (4f) - 1.0 2.0 2.75 
Pb(2) (6h) 5.86(2) 5.86(2) 5.59(3) 4.61(2) 
Na(2) (6h) 0.14(2) 0.14(2) 0.41(3) 1.39(2) 
Sr(2) (6h) - 0 0 0 

RB 6.16 6.37 9.51 7.70 
RF 6.34 5.87 8.42 6.78 
RP 6.55 6.43 7.06 6.41 

RWP 8.32 8.23 8.92 8.19 
χ2 1.44 1.30 1.63 1.38 

 
Table 6. Selected Mean Interatomic Distances (Å) in the system Pb(8-x)SrxNa2(PO4)6 

Interatomic Distances, Å x = 0.00 x = 1.00 x = 2.00 x = 2.75 
M(1)–O(1) × 3 2.43(2) 2.45(4) 2.45(4) 2.46(3) 
M(1)–O(2) × 3 2.75(3) 2.68(4) 2.65(4) 2.61(4) 
M(1)–O(3) × 3 2.80(2) 2.85(2) 2.82(3) 2.80(3) 
<M(1)–O(1-3)> 2.66 2.66 2.64 2.62 

M(2)–O(1) 2.82(3) 2.79(4) 2.80(4) 2.78(3) 
M(2)–O(2) 2.21(3) 2.17(4) 2.16(4) 2.17(4) 

M(2)–O(3) × 2 2.50(2) 2.50(2) 2.46(3) 2.46(2) 
M(2)–O(3) × 2 2.52(2) 2.56(3) 2.55(4) 2.57(4) 
<M(2)–O(1-3)> 2.51 2.51 2.50 2.50 

P–O(1) 1.45(4) 1.52(5) 1.51(6) 1.53(5) 
P–O(2) 1.52(3) 1.55(4) 1.55(5) 1.53(4) 

P–O(3) × 2 1.63(2) 1.61 (4) 1.59(5) 1.60(3) 
<P–O> 1.56 1.57 1.56 1.56 
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It should be noted that the given assumptions (the 
position M (1) is occupied only with Na+ and Sr2+ ions 
and Na+ ions or Sr2+ ions are localized exclusively in the 
М (2) position in the compositions with x = 2.00 and 2.75) 
did not give a positive result in calculations. The calcula-
tions revealed that the crystal structure characteristics of 
solid solutions refined using Assumption 1 and Assump-
tion 2 led to almost identical results regarding the values 
of reliability factors, isotropic thermal parameters, and 
interatomic distances. Tables 2, 3, and 4 compare X-ray 
data results of the structure Pb5.25Sr2.75Na2(PO4)6. 

Based on the X-ray structural analysis results, it is 
assumed that lead (Pb) is predominantly located in the 
M (2) region, while sodium (Na) and strontium (Sr) atoms 
are statistically distributed between the M (1) and M (2) 
cationic region. 

Occupation of crystallographic positions, as well as 
values of interatomic distances for samples of the system 
Pb(8-x)SrxNa2(PO4)6 (based on the results of assumption 2), 
are presented in Tables 5 and 6. Analysis of the change in 
interatomic distances shows that the entrance of strontium 
ions into the structure of the solid solution leads to a de-
crease in the distance M (1) – O (2), which affects the 
tendency to decrease average M – O distances in the 
M (1) polyhedron coordination. The mean interatomic 
distances in the M (2) coordination polyhedrons and the 
PO4 tetrahedra remain unchanged with the changes in the 
solid solution composition. 

4. Conclusions 

In this work, Pb(8-x)SrxNa2(PO4)6 solid solutions 
were synthesized at 800 °С for 23 h and examined by 
several techniques: X-Ray Diffraction (XRD), Electron 
Microscopy Scanning (SEM), and Rietveld refinement 
techniques. Specifically, the effects of substitution within 
the crystal structure of solid solutions were studied. This 
allowed to predict the behavior of luminescent properties 
in various apatites. In the Pb8Na2(PO4)6 structure, the 
strontium substitution boundaries for lead occurred in the 
composition range of 0.00 to 2.75 (pure apatite), whereas 
the compositions Pb5Sr3Na2(PO4)6, Pb4.5Sr3.5Na2(PO4)6, 
and Pb4Sr4Na2(PO4)6 show many reflections belonging to 
other apatite phases such as NaPb4(PO4)3, Pb5(PO4)3OH, 
PbO, NaPbPO4, and NaSrPO4. The electron microscopy 
scanning and the predicted theoretical composition of 
solid solution samples for compositions Pb8Na2(PO4)6, 
Pb6Sr2Na2(PO4)6, and Pb5.5Sr2.5Na2(PO4)6, were evaluated 
satisfactorily. 

The lattice unit cell parameters show that the 
change in cell parameter a is within the accuracy of the 

calculated values, while the values of cell parameter c 
decreases slightly with increasing strontium content in the 
solid solution. The reason is that strontium (Sr) has no 6S2 
orbital (electron pair), while lead (Pb) has. The lone pair 
has a negative charge, and oxygen anions are located 
around cations. Therefore, there is repulsion between a 
lone pair and anions.  

For Pb(8-x)SrxNa2(PO4)6 solid solutions the refine-
ment of the crystal structure characteristics was carried 
out for sample compositions with x = 0.00, 1.00, 2.00, and 
2.75. It was concluded that lead (Pb) is mainly localized in 
the M (2) position while the sodium (Na) and strontium 
(Sr) atoms are allocated between the M (1) and M (2) 
cationic positions. Also, as substitution increases, a 
change in the occupancy of positions occurs by most so-
dium ions, which move from position M (1) to position 
M (2). The obtained results can be important for develop-
ing new technical materials with a lead sodium apatite 
structure. 
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НОВІ ТВЕРДІ РОЗЧИНИ ЗАМІЩЕННЯ 
СТРОНЦІЮ (Sr) ПЛЮМБУМОМ (Pb)  

У СТРУКТУРІ АПАТИТІВ 
 

Анотація. Заміщення стронцію на плюмбум у Pb(8-

x)SrxNa2(PO4)6  проаналізовано з використанням XRD, SEM 
та методу Рітвельда. Усі зразки були синтезовані з 
використанням керамічних і напівкерамічних технологій. 
Чистий апатит утворювався в складі від x=0,00 до x=2,75. 
Результати свідчать про те, що зібрані склади зразків 
узгоджуються з розрахованими величинами. 

 
Ключові слова: плюмбум, апатит, кераміка, 

напівкераміка, твердий розчин. 
 
 
 


