
    Abdul Jabar                                          Iraqi Journal of Science, 2023, Vol. 64, No. 5, pp: 2129-2134     
                                                                 DOI: 10.24996/ijs.2023.64.5.2 

_____________________________________ 
*
 Email: mohammed.a.baset1980@gmail.com 

 

2129 

 

 
Synthesis of Sodium-Lead Apatite Structure with the Excess and the Lack 

of Sodium 
  

Mohammed A. B. Abdul Jabar
 
 

Department of forensic Science, College of Science, Al-Karkh University of Science, Baghdad, Iraq 
 

Received: 17/4/2022         Accepted: 21/9/2022          Published: 30/5/2023 

 
Abstract  

     X-ray phase analysis was used to analyse the composition of Pb8Na(2±x)(PO4)6 

(lead-sodium apatite structure) with different X values (X values refer to changes in 

the excess or lack of sodium (2±X) in the apatite structure): -0.15, -0.10, -0.05, 0.00, 

+0.05, +0.10, and +0.15. The ceramic method (solid-state reaction) was used to 

synthesize all samples at a temperature of 800 °C. Many programs, such as match 

software (v.3), PDF-4 database (ICCD), and database PDF-4 (ASTM), were used to 

study the single phases. The least-squares method was used to calculate the unit cell 

parameters. Results have shown that the following compositions: Pb8Na2(PO4)6, 

Pb8Na1.95(PO4)6, Pb8Na1.90(PO4)6, and Pb8Na1.85(PO4)6 contain only the pure phase of 

lead sodium apatite structure. On the other hand, the compositions of 

Pb8Na2.05(PO4)6, Pb8Na2.10(PO4)6, and Pb8Na2.15(PO4)6 showed other phases besides 

the phases of lead sodium apatite structure. 
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رصاص الاباتيت مع زيادة ونقصان في الصوديوم –تحضير تركيب صوديوم   
  

 حمد عبد الباسط عبد الجبارم

ققسم علوم الادلة الجنائية, كلية العلوم, جامعة الكرخ للعلوم, بغداد, العرا  
 

  الخلاصة 
)تركيب أباتيت  Pb8Na (2±x)(PO4)6تم استخدام طريقة تحليل طور الأشعة السينية لفحص تركيب      

±  2تعني التغيرات في الفائض أو النقص في كمية الصوديوم ) X)قيم  مختلفة Xالصوديوم( بقيم -الرصاص
X)لتحديد  0.15و + 0.10؛ + 0.05؛ + 0.00؛  0.05-؛  0.10-؛  0.15-: ( في تركيب الأباتيت

تم اثبات أن طريقة السيراميك )تفاعل الحالة الصلبة( قد  .تأثير فائض ونقص الصوديوم في هذه التركيب
 Matchتم استخدام العديد من البرامج مثل برنامج درجة مئوية.  800رجة حرارة حضرت جميع العينات عند د

لدراسة الاطوار الفردية.  PDF-4 (ASTM)وقاعدة البيانات  PDF-2 (ICCD)( وقاعدة بيانات 3)الإصدار 
التالية:  التراكيبتم استخدام طريقة المربعات الصغرى لحساب معلمات خلية الوحدة. أظهرت النتائج أن 

Pb8Na2(PO4)6،Pb8Na1.95(PO4)6 ،Pb8Na1.90(PO4)6 ، و Pb8Na1.85(PO4)6   تحتوي فقط على
، Pb8Na2.05(PO4)6 التراكيب اظهرتعلى جانب آخر،  أباتيت الصوديوم. تركيبالنقية من  الاطوار
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Pb8Na2.10(PO4)6  وPb8Na2.15(PO4)6 الرصاص  أباتيت تركيب اطوارأخرى إلى جانب  اطوار- 
 .الصوديوم

1. Introduction  

     Researchers are interested in chemical materials science and solid-state chemistry due to 

the problem of isomorphic substitutions since they have used most modern inorganic 

materials as solid solutions rather than individual compounds. The size of unit cells, 

interatomic distances, and the distribution of crystallographic positions, the type of chemical 

bond, and the properties of the crystal structure can all be altered by introducing different 

additives and varying their amounts [1-3]. Apatite structures are compounds with many 

properties and could be used in many areas, including industrial, medical, agricultural, 

environmental, and other fields [4,5]. Isomorphic substitutions are one of the primary features 

of the crystalline chemistry of apatite compounds because they coexist with several element 

substitutions in these structures. As is well known, substituting elements within apatite 

compounds improves crystal formation, which has a significant impact on the physical and 

chemical characteristics of the compounds [6-8].The existence of two structurally non-

equivalent places in the cationic sub-lattice, traditionally termed M (1) and M (2), classifies 

the apatite structure in the cationic sub-lattice (2). Each M (1) location is surrounded by nine-

vertex coordination polyhedrons, which are formed by nine oxygen atoms (each position of 

PO4 tetrahedral). Six oxygen atoms form the PO4 tetrahedron in the coordination environment 

of the M (2) position, and F
-
 (Cl

-
, OH

-
, O

-2
) ions or vacancy (□) form seven-vertex 

coordination polyhedrons. In the apatite structure, equilateral triangles M (2) create a conduit 

where F
-
 (or Cl

-
, OH

-
, O

2-
) ions are inserted. Such compounds' crystal structures belong to the 

hexagonal system (space group P63/m) and allow substituting their structural units with other 

atoms or groups of atoms. The characteristics of the resultant solid solutions can differ greatly 

from those of the unaltered samples, which broadens the potential applications [9-12]. Lead 

sodium apatite with the formula Pb8A2(PO4)6, where A = Na, K, Rb, and Cs, is not the last 

among these compounds. When changed with alkali metals, it becomes a solid electrolyte 

with cation conductivity. These systems with sodium lead apatite have the advantage that they 

greatly lower the synthesis temperature to 800 °C when compared to apatites of alkaline earth 

elements, which streamlines the synthesis process and encourages the formation of excellent 

grains [13-16]. Many researchers have reported obtaining lead apatites with Pb8A2(GO4)6□2 

(A = Na, K, Rb, Cs, Tl, Ag; G = P, V, As; □= vacancy), where the conditions of their 

synthesis and the parameters of unit cells are given. Later, they have been repeatedly 

investigated by X-ray phase and X-ray diffraction analysis [17-20]. This work aimed to 

examine the effects of excess and lack of sodium on the lead sodium apatite structure: 

Pb8Na(2±x)(PO4)6. The findings can contribute to the development of the isomorphic 

substitution theory, since lead differs from alkaline earth elements by an ion electron pair that 

can be activated by isomorphic substitutions. 

   

2. Materials and methods 

2.1 Materials 

     In this research, all samples in the lead sodium apatite structure (Pb8Na(2±x)(PO4)6) were 

examined by X-ray solid-phase synthesis with different X values (X values mean the changes 

in the excess or the lack of sodium (2±X) in the apatite structure): -0.15, -0.10, -0.05, 0.00, 

+0.05, +0.10 and +0.15. The starting materials (PbO (reagent grade), Na2CO3 (reagent grade), 

and (NH4)2HPO4 (analytical grade) were weighed in stoichiometric ratios, mixed in an agate 

mortar for 20 minutes, and then calcined in alundum crucibles at a temperature of 300 ºС for 

3 hours. The temperature was then raised to 800 ºC, where it was calcined for 5-8 hours. 

Following that, the samples were calcined again at 800 o for 25 hours before being 
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homogenized. This process was repeated until the phase composition remained constant. As a 

result, the total calcination time was 40 hours at a temperature of 800 °C. 

2.2 Instrumentation 

     A modernized DRON-3 diffractometer (CuK radiation, Ni filter) was used with electronic 

control and processing data to perform X-ray phase analysis. During the determination to 

establish the phase composition of the samples, the counter-rotation speed was 2°/min. 

[21,22]. We employed the PDF-2 database (ICCD) (International Centre for Diffraction Data) 

and Match software (v.3) for phase investigation, together with the PDF-4 database (ASTM) 

(American Society for Testing and Materials) [8,23]. The unit cell characteristics were 

investigated using the least-squares technique based on 16 individually indexed independent 

reflections re-scanned at 1° (2θ) / min in the range of 16 ≤ 2θ ≤ 54°. Silicon is utilized as an 

external standard 

.   

3. Result and Discussion  

     For the investigation to observe the effect of excess and lack of sodium on the structure of 

Pb8Na(2±x)(PO4)6, samples with different x values (-0.15;-0.10;-0.05;0.00;+0.05;+0.10 and 

+0.15) were used. Samples were synthesized using the same method as described above. The 

samples were studied using X-ray diffraction analysis. The results are shown below in Figure 

1. 

 
 

Figure 1: X-ray diffraction patterns of Pb8Na(2±x)(PO4)6 samples, built according to the pdf-2 

database (ICDD). 

 

     In the composition of Pb8Na2(PO4)6 and the samples with a lack of sodium: 

Pb8Na1.95(PO4)6, Pb8Na1.90(PO4)6, and Pb8Na1.85(PO4)6, only reflections of the phase with the 

lead-sodium apatite structure are found in the X-ray diffraction patterns. Along with 

reflections of the lead-sodium apatite structure, samples Pb8Na2.05(PO4)6, Pb8Na2.10(PO4)6, and 

Pb8Na2.15(PO4)6, also contained numerous reflexes that were determined to belong to the 

sodium oxide phase [7,18]. This is because the intensity of these reflexes of the apatite 

structure is primarily independent of the value of x, with an intensity of 2-3% compared to 

Table 1, Figures 2, 3, and 4 show how unit cell characteristics for lead-sodium apatite depend 

on the composition (a and c). 
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Table 1: Unit cell parameters of some lead apatites. 

Compound Parameter a, (Å) Parameter c, (Å) Reference 

Pb8Na2(PO4)6 9.725 7.190 23 

Pb8Na2(PO4)6 9.755 7.209 8 

Pb8Na2(PO4)6 9.737 7.202 17 

Pb8Na2(PO4)6 9.736 7.201 This work 

 
Figure 2: Dependence of the unit cell parameter (a) of the apatite structure in the 

Pb8Na(2±x)(PO4)6 system vs. the composition (х). 

 

      As can be seen from the data, we noticed that the parameters of the samples with excess 

sodium increased slightly (the inaccuracy of the parameters lies within ±0.003 Å) due to the 

immiscibility of the excess sodium present with the components of the pure lead apatite 

compound and led to the emergence of a new phase (NaO phase). In addition to the sodium 

apatite phase, the parameters were thus increased. No change in the parameters was impacted 

by the decrease in sodium in the pure lead apatite compound [23, 24]. 

 

 
Figure 2: Dependence of the unit cell parameter (c) of the apatite structure in the 

Pb8Na(2±x)(PO4)6 system vs. the composition (х). 
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4. Conclusion  

     The solid-phase synthesis technique was used to examine the synthesis of samples of the 

lead-sodium apatite structure with the formula Pb8Na(2±x)(PO4)6 at a temperature of 800 ºС to 

determine the effect of excess and lack of sodium in this structure [25,26]. The samples with x 

values of -0.15, -0.10, -0.05, and 0.00 contain only a pure phase of lead sodium apatite 

structure, as shown by the unit cell features (a and c) and the outcomes of the X-ray 

diffraction data analysis. While in the samples with x values of +0.05, +0.10, and +0.15, 

another solid phase (sodium oxide) besides the pure phase of lead sodium apatite was found, 

it can be assumed this is a super-structural reflex, or a reflex of a component that does not 

enter the structure isomorphically, or the sodium excess in the systems reacts with oxygen to 

form sodium oxide [27,28]. 
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