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The demand for energy across the world is continuing to grow. This issue is driving 
the urgency for improving the energy efficiency. Thermoelectric materials which can 
directly convert waste heat into electricity have been considered as an effective solution. 
The performance of thermoelectric materials is characterized in the term of 
dimensionless figure of merit ZT, defined as 𝑍𝑍𝑍𝑍= 𝑆𝑆2𝜎𝜎/𝜅𝜅, where 𝜅𝜅, 𝜎𝜎, 𝑆𝑆, and T represent 
thermal conductivity, electrical conductivity, Seebeck coefficient, and temperature, 
respectively. Based on the definition, a good performance of thermoelectric materials 
can be achieved by increasing the electrical properties while the thermal properties 
should be suppressed.  

Clathrates have gained much attention as the potential candidate for thermoelectric 
materials due to their unique structure and properties. Type I clathrates (space group: 
Pm3�n) with general formula G8AyB46-y (G = Ba, Sr, Eu; A = Al, Ga, In; B = Si, Ge, Sn) 
are the cage-type structure materials where the A and B play roles as host atoms forming 
two different types of cages, oversized tetrakaidecahedron and small dodecahedron 
cages, which enclosed the G guest metal atom. The Wyckoff sites for guest atoms at the 
oversized and smaller cages are 6d and 2a sites, respectively. For the host atoms, there 
are three types of sites: 6c, 16i, and 24k.  

The clathrates investigations have been mainly focused on the guest atom which 
provides a route to control the thermal conductivity for the purpose of enhancing the 
thermoelectric performance. Another approach to improve the thermoelectric 
performance is “cross-substitution” of the host atoms, which aims at tuning the 
electrical properties. However, the study of Ba8Al16Ge30 reported that a small change in 
the host structure also affect the thermal conductivity. By host substitution, controlling 
both electronic and thermal properties are possible.  

The objectives of this study are to analyze the effect of Ga substitution for Al to the 
Ba2 guest atom feature of Ba8Al16-xGaxGe30 from the neutron powder diffraction data 
and MEM analysis and to clarify the effect of Ga substitution for Al to the 
thermoelectric properties in wide range temperature. 

The high purity of raw materials was used to prepare the samples. The samples were 
synthesized by arc melting method for neutron powder diffraction (NPD) experiment 
and followed by Spark Plasma Sintering (SPS) for thermoelectric properties 
measurement at high temperature. The sample quality has been examined by X-ray 



powder diffraction (XRD). The thermoelectric properties were performed using ZEM-3 
and Laser Flash apparatus to measure the samples at high temperature (943 K) and 
PPMS apparatus for sample measurement at low-temperature (10 K). 

The structural analysis shows that the lattice constants of Ba8Al16-xGaxGe30 

(x=0,2,4,6,8) shrink with increasing Ga ratio, closer to the lattice constant of 
Ba8Ga16Ge30. Ga substitution for Al does not affect to the Ge occupancies, where Ge is 
occupied approximately 30% at 6c site and dominantly occupied the 16i and 24k site 
for about 70%. Al occupancies with the site preference at 6c site decrease with 
increasing the Ga concentration. There are two kinds of Ga site preferences. For 6c site, 
the Ga occupancies at x = 2 and 4 are small while at x = 6 and 8, they are as large as 
18%, shown in Figure. 

The refinement results reveal an expansion of lattice parameter with increasing the 
temperature. For the atomic displacement parameters (ADPs), Ba8Al8Ga8Ge30 has larger 
ADPs compared to the Ba8Al16Ge30, however the off-centered displacement shows the 
opposite behavior. The MEM results clearly show that the Ba2 guest atom is located at 
an off center 24k site and the distribution size enlarges with increasing temperature. A 
clear effect of the substitution is observed at higher temperature. The Ba2 distribution 
of Ba8Al16Ge30 at 900 K is isotropic in the xz plane, whereas the Ba2 distribution of 
Ba8Al8Ga8Ge30 only grow wider along to the y direction, anharmonic distribution. This 
can be a proof that the host structure substitution, affect the guest atom behavior. 

The Ga substitution for Al suppresses the thermal conductivity with lattice 
contributes more than the electronic at high temperature. The thermoelectric properties 
measurement revealed that Ba8Al8Ga8Ge30 has ZT value higher than Ba8Al16Ge30.  
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