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Oxides on the base of bismuth vanadate Bi4V2O11-y 

reveal high ionic conductivity at temperatures <1000 

K, so they were intensively studied as membrane 

materials promising for pure oxygen generation [1-

15]. In this work, phase transitions in solid solutions 

Bi4(V1-xMex)2O11-z, with Me – Ga, Fe, Cu, Zr, x<0.3, 

have been studied using the X-ray and Neutron 

diffractions (3T-2, =1.22 A), Mossbauer technique, 

DTA/DSC, IR-, and dielectric spectroscopy in the 
temperature range of 300 – 950 K and frequencies 500 

Hz – 1 MHz. Ceramic samples were prepared by the 

solid state reaction method at temperatures 870 - 1100 

K.  

In all the systems studied the concentration regions of 

the - and - and tetragonal -polymorph 

modifications were observed, with their width 

depending of the dopant cations. At room temperature, 

the monoclinic ferroelectric -phase exists in 

compositions with x<0.06, while tetragonal ordered '- 
polymorph modifications stabilizes at x>0.10. At room 

temperature, in all systems the a and c unit cell 

parameters and the unit cell volume increase, while b 

parameter decreases with increasing x in the 

orthorhombic phase domain. In the tetragonal phase 

domain, the a and b parameters change rather weakly. 
Non monotonous behavior of the unit cell volume 

points to possible changes in valence states of the 

cations Fe, Сu and V. Using neutron diffraction 

tetragonal symmetry was determined for composition 

with high Fe content and monoclinic symmetry for the 

samples with low Fe content. Bi4(V0.75Fe0.25)2O11-z ( -
phase): I 4/mmm, a=3.9199(1), с=15.5566(6) Å. 

Bi3.95(V0.96Fe0.04)2O11-z (-phase): C2/m, a=5.5838(4), 

b=15.4381(5), c=16.6853(2), =90.19(4).  

Slow kinetics of the - phase structural phase 

transition has been revealed in Neutron diffraction 

experiments. Transformation of peaks at 570 K was 

observed during 22 hours. It has been proved that 

presence of oxygen ion vacancies in the crystal lattice 

and their “pinning” on ferroelectric domain walls are 

responsible for this effect and large thermal hysteresis 

of the - phase transition as well.  

The first order -, - and '- phase transitions are 

marked with anomalies in temperature dependences of 

heat capacity and dielectric permittivity. The effects 

observed in dielectric properties, conductivity, and 

impedance data confirmed the influence of both 

intrinsic oxygen vacancies and those “pinned” at 

ferroelectric domain boundaries on the - phase 

transition temperature hysteresis and their contribution 

to mechanism of oxygen ion transport.  

 

References 
[1]. A.A. Bush, Yu.N. Venevtsev, Russian Journal of 

Inorganic Chem., 31 (1986) 769. 

[2]. I. Abrahams, J.C. Boivin, G. Mairesse, G. 

Nowogrocki, Solid State Ionics, 40/41 (1990) 934.  

[3].O. Joubert, A. Jouanneaux, M. Ganne, Mater. Res. 

Bull., 29 (1994) 175.  

[4]. O. Joubert, M. Ganne, R.N. Vannier, G. Mairesse, 

Solid State Ionics, 82 (1996) 199.  

[5]. J.C. Boivin, C. Pirovano, G. Nowogrpcki, et al., 

Solid State Ionics, 113-115 (1998) 639.  

[6]. I. Abrahams, F. Krok, J. Mater. Chem., 12 (2002) 

3351; Solid State Ionics, 157, (2003) 139.  
[7]. G. Mairesse, P. Roussel, R.N. Vannier, M. Anne 

et al., Solid State Sciences, 5 (2003) 851, 861.  

[8]. R.N. Vannier, E. Pernot, M. Anne, O. Isnard et 

al., Solid State Ionics, 157 (2003) 147.  

[9]. I. Abrahams, F. Krok, M. Malys, W. Wrobel, Solid 

State Ionics, 176 (2005) 2053. 

[10]. W. Wrobel, I. Abrahams, F. Krok, A. Kozanecka 

et al., Solid State Ionics, 176 (2005) 1731. 

[11]. C. Pirovano, M.C. Steil, E. Capoen, G. 

Novogrocki, R.N. Vannier, Solid State Ionics, 176 

(2005) 2079.  
[12]. V.V. Murasheva, E.A. Fortalnova, E.D. Politova, 

et al., Materials Science Forum, 587-588 (2008) 114. 

[13]. E.A. Fortalnova, V.V. Murasheva, M.G. 

Safronenko, et al., Bull. Russ.Acad. Sci. Phys., 72, 

(2008) 1094; Russian Journal of Physical Chemistry, 

82 (2008) 1833. 

[14]. E.D. Politova, E.A. Fortalnova, G.M. Kaleva, 

S.Yu. Stefanovich et al., Ferroelectrics, 367 (2008) 8; 

391 (2009) 3.  

[15]. E.D. Politova, E.A. Fortalnova, G.M. Kaleva, 

A.V. Mosunov et al., Physics of the Solid State, 51 

(2009) 1443.  


