
Author’s Accepted Manuscript

Solid state solubility of copper oxides in
hydroxyapatite

Mikhail A. Zykin, Alexander V. Vasiliev, Lev A.
Trusov, Robert E. Dinnebier, Martin Jansen, Pavel
E. Kazin

PII: S0022-4596(18)30081-1
DOI: https://doi.org/10.1016/j.jssc.2018.03.003
Reference: YJSSC20129

To appear in: Journal of Solid State Chemistry

Received date: 3 January 2018
Revised date: 2 March 2018
Accepted date: 4 March 2018

Cite this article as: Mikhail A. Zykin, Alexander V. Vasiliev, Lev A. Trusov,
Robert E. Dinnebier, Martin Jansen and Pavel E. Kazin, Solid state solubility of
copper oxides in hydroxyapatite, Journal of Solid State Chemistry,
https://doi.org/10.1016/j.jssc.2018.03.003

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.

www.elsevier.com/locate/yjssc

http://www.elsevier.com/locate/yjssc
https://doi.org/10.1016/j.jssc.2018.03.003
https://doi.org/10.1016/j.jssc.2018.03.003


Solid state solubility of copper oxides in hydroxyapatite 

 

Mikhail A. Zykin
a
, Alexander V. Vasiliev

b
, Lev A. Trusov

b
, Robert E. Dinnebier

c
, Martin 

Jansen
c
, Pavel E. Kazin

b,* 

 

a
Department of Materials Science, Moscow State University, 119991 Moscow, Russia 

b
Department of Chemistry, Moscow State University, 119991 Moscow, Russia 

c
Max-Planck-Institute for Solid State Research, Heisenbergstrasse 1, 70569 Stuttgart, Germany 

*Corresponding author, e-mail kazin@inorg.chem.msu.ru 

 

Keywords: Apatite; Copper; Structure elucidation; Phase diagram 

 

 

Abstract.  

 Samples containing copper oxide doped hydroxyapatite with the composition 

Ca10(PO4)6(CuxOH1-x-)2, x = 0.054 – 0.582, in the mixture with CuO/Cu2O were prepared by a 

solid-state high-temperature treatment at varying annealing temperatures and at different partial 

water vapor and oxygen pressures. The crystal structures of the apatite compounds were refined 

using powder X-ray diffraction patterns and the content of copper ions x in the apatite was 

determined. Copper ions enter exclusively into the apatite trigonal channels formally substituting 

protons of OH-groups and the hexagonal cell parameters grow approximately linearly with x, the 

channel volume mostly expanding while the remaining volume of the crystal lattice changing 

only slightly. The equilibrium copper content in the apatite increases drastically, by almost a 

factor of 10 with the annealing temperature rising from 800 to 1200 ºC. The reduction of the 

water partial pressure leads to a further increase of x, while the dependence of x on the oxygen 

partial pressure exhibits a maximum. The observed relations are consistent with the proposed 

chemical reactions implying the copper introduction is followed by the release of a considerable 

quantity of gaseous products – water and oxygen. The analysis of interatomic distances suggests 

that the maximum content of copper ions in the channel cannot exceed 2/3. 

 

 

1. Introduction. 

A considerable number of inorganic compounds adopts apatite structure with a general 

formula M10(AO4)6X2 [1,2]. M is a relatively large metal ion normally in a low oxidation state of 

+2 (e.g. alkaline-earth metal) or/and +3 (rare-earth metals), which can be partially replaced by 

alkaline metal ion. A is an atom in an oxidation state of +4 - +7 (e.g. P, As, Si, Mn
V
, V

V
), which 

forms a tetrahedral oxo-anion. X is a small anion (e.g. F
-
 , Cl

-
, OH

-
 , ½O2

2-
) located in the 

trigonal channel of the structure formed by M-cations. A well known father of the family is 

hydroxyapatite Ca10(PO4)6(OH)2. In the beginning of 2000
th

, a new subfamily with a modified 



Download English Version:

https://daneshyari.com/en/article/7757728

Download Persian Version:

https://daneshyari.com/article/7757728

Daneshyari.com

https://daneshyari.com/en/article/7757728
https://daneshyari.com/article/7757728
https://daneshyari.com

