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試料、実験方法、利用の結果得られた主なデータ、考察、結論等を、記述して下さい。（適宜、図表添付のこと） 

Please report your samples, experimental method and results, discussion and conclusions.  Please add figures and 
tables for better explanation. 
1. 試料 Name of sample(s) and chemical formula, or compositions including physical form. 

La2Mo2O9 

La2-xPbxMo2O9-x/2 (x = 0.01, 0.02, 0.03, 0.04, 0.05, 0.06) 

La2-xBixMo2O9 (x = 0.02, 0.04, 0.06) 

 

All samples were powder form. 

 

2. 実験方法及び結果 （実験がうまくいかなかった場合、その理由を記述してください。） 

Experimental method and results.  If you failed to conduct experiment as planned, please describe reasons. 

Sample Preparation: 

  Pure- and substituted-La2Mo2O9s were prepared by conventional solid state reaction method started from 

La2O3, MoO3, PbO and Bi2O3 reagents.  The mixtures of starting materials were calcined at 500oC, pressed 

into pellets under 200 MPa and then sintered at 1000oC.  Crystalline phases of the obtained samples were 

checked by laboratory-scale X-ray diffraction and α-β phase transitions were confirmed by DSC. 

 

Characterization: 

  XRD revealed that all samples represented α- or β- La2Mo2O9 phases although the diffraction patterns of 

these two phases resemble each other.  Thermal analyses indicated clearly the phase transition as shown in 

Fig. 1. While pristine La2Mo2O9 represents sharp endothermic peak around 580oC.measured in the heating 

direction, the endothermic peak due to the phase transition depresses with Pb-substitution and completely 

disappeared around x = 0.05 or 0.06.   
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2. 実験方法及び結果（つづき） Experimental method and results (continued) 

Powder Neutron Diffraction: 

  Neutron diffraction patterns were collected at room temperature on the TOF neutron diffractometer 

“SHRPD” at J-PARC (BL-08).  Typically 3 – 4 hours of data collection was performed for each sample with 

the amount of 12 – 13 g.  Rietveld refinements were carried out using Z-code. 

Fig. 2 shows the TOF-neutron diffraction pattern of La2-xPbxMo2O9-x/2 (x = 0.06), which can be fitted by that 

calculated assuming cubic β-phase (P213) as illustrated in Fig. 3.  Although, in the case x = 0.05, no apparent 

superstructural peak was detected in the diffraction pattern, Rietveld refinement cannot be made within the 

allowed range of profile parameters.  Therefore, the cubic β-phase was found to be stabilized for x ≥ 0.06 

down to room temperature as estimated by the conductivity measurements.  The refined structure 

parameters were listed in Table 1.  Oxide ion vacancies are mostly formed at O3 site as well as partially at 

O2, the tendency of which is the similar to other cubic La2Mo2O9s substituted by various ions. 

For Bi-doped La2Mo2O9 system with cubic symmetry, similar results were obtained as tabulated in Table 2.

Comparing the Pb- and Bi-doped samples, the occupation factor of O2 was slightly smaller in Pb-substituted 

sample with higher occupancy at O3.  Higher vacancy concentration of O2 site in La2-xPbxMo2O9-x/2 is 

supposed to account for the higher oxide ion conduction at relatively lower temperatures. 

Structure analysis for monoclinic α-phase is now investigated.  

 

 


