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Introduction
The ABO3 compounds with the perovskite structure 

have been focused due to their unique electro-optical, 
thermo-mechanical and catalytic properties. Materials 
with the perovskite structure are also important in 
geoscience, since MgSiO3 perovskite is the most major 
constituent mineral in the Earth’s lower mantle. Recent 
experimental studies indicated that Mg2+Si4+O3 perovskite 
incorporates significant amount of trivalent cations such 
as Al3+ and Fe3+ [e.g.,1,2]. Because the perovskite 
structure can tolerate structural distortions within its 
framework, cations of variety of sizes and charges can 
occupy the A and B sites. Consequently the various 
physical and/or chemical properties could be changed 
depending on the chemical compositions. Thus, it is not 
surprising that the incorporation of trivalent cations into 
MgSiO3 perovskite greatly influences on its elastic 
property [3]. However, it is unclear what kind of 
mechanism controls the incorporation of trivalent cations 
into A2+B4+O3 perovskite. In the present study, we 
investigated the phase relation in the Ca2+Ti4+O3-
Y3+Ga3+O3 system at atmospheric pressure, 1 GPa and 2 
GPa. It is noted that CaTiO3 perovskite is stable at 
atmospheric pressure. On the other hand, YGaO3

perovskite is stabilized at a high pressre [4]. 

Experimental
Samples were synthesized from the oxide mixture 

using a muffle furnace at about 1720K and atmospheric 
pressure for more than 80 hours. High pressure synthesis 
was performed by using a piston-cylinder apparatus at 
about 1670K and 1GPa and 2GPa for 48 hours. The 
powder X-ray diffraction measurements were carried out 
at BL-18C in PF using an imaging plate. The incident X-
ray beam was monochromatized to wavelengths of 
0.6161 Å and collimated to 100 μm in diameter. Two-
dimensional X-ray diffraction patterns were analyzed by 
the PDI software, which was originally programmed [5]. 
A scanning electron microscope (SEM, JEOL JSM-5310) 
equipped with an energy dispersive X-ray spectrometer 
(EDS, OXFORD LINK-ISIS) used to analyze micro-
texture and chemical compositions of the recovered 
samples. 

Results and Discussion
Cations of Y3+ and Ga3+ are incorporated into 

Ca2+Ti4+O3 perovskite as YGaO3 component up to 40 
mol % at atmospheric pressure. The solubility of YGaO3

component greatly increases with pressure and about 80 
mol % of YGaO3 component could dissolve into CaTiO3

perovskite (Fig.1). It is expected that a complete solid 
solution with the perovskite structure would occur in the 

Ca2+Ti4+O3-Y
3+Ga3+O3 system at a higher pressure. The 

crystal structure of YGaO3-bearing CaTiO3 perovskite 
remains orthorhombic and the lattice parameters changes 
almost linearly as a function of the amount of YGaO3

component (Fig.2).  

Fig.1. Phase diagram of the Ca2+Ti4+O3-Y
3+Ga3+O3 system at 

1670 K. The horizontal axis represents mol% of YGaO3

component. 

Fig.2. Variation of the lattice parameters in the Ca2+Ti4+O3-
Y3+Ga3+O3 system. The horizontal axis represents mol% of 
YGaO3 component. 
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