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Germanium clathrates are reported to be formulated and much attention has been paid to these materials for the 

purpose of introducing carriers through direct network-substitutions AE8III16Ge30(AE=Ba,Sr; III=Ga) with the 

type I structure are being extensively studied as thermo-electric power materials with a great figure of merit in 

high temperature region. The electronic state of single crystal Ba8Ga16Ge30 and Sr8Ga16Ge30 were confirmed by 

Soft X-ray Photoelectron Spectroscopy measurements at the beam line BL25SU in the high-energy beam 

factory of SPring-8. From the experimental results, it will be demonstrated that the site occupancy of both kinds 

of the network and encapsulated atoms influences the kinds of carriers (holes and electrons). 
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Fig.1. Structure of type-I Clathrate Compound. 

－ 12 －



�

�

Ú¡m|89mMh<=>¨©�ª«

SPring-8 V}¬X� X ������­�G�

�@�®¯�dh�������uÀf��

type-I BCDEFG������HIJ��

���ct�uUÒo�ÂÃVsnd���

����{Ý�|89Mh Ñ�·�CJb

V}¬X!�G\O	"#�$%��Jb«

Äc��������}W~Jo	
�ep

��Ç�mÈX{ 

 

��&¤� �&MBL25SUV«Tfg�'(§

a)T��\F��%¯�h���*�AO

�VWXj>uH�+¼d���{<,-.t

#VWÛI��� type-IBCDEFG���

���HIJ±���w��wc�hGaÏ�

O��#VWÛ
���w�I���{Ý�

�������uÀf��±���w�I�

�hÚg�¯nX¡cm������/0V

½aX
���w�I�V�1��{Æ�g

��wVà�dM2�3O�Ãq����nh

��YZ[\A�	�4�����{���

����Mh5kl�YZ@h6��7klh

Ï8C9�:klhÚ�d;������<(

=Vsnd���{f�Vh��TU����

�à�V>?�&Ç���{ 
 

��}W~@A¤� Fig.2 Vh������u

 � Ba8Ga16Ge30 � XRD BA�@�Üµ{

Ba8Ga16Ge30 V}ndM������}W~

YZ[\A�	z½a�dndÇ4Õ�¶�

cX¡czÖ��dnX{f�V��Òo�

������hn ��wV}nd p �mMC

�ganhj>uHVàµX½¾a�D��

uHzE�fgdnX{Fig.2 VÜfg���

V}ndÇhÏ8C9�3C�:V}ndhp

��wmMj>uHVà�d�F��CuH

zGcHIC�gan�Và�hn ��wV

}ndM��§4�auHzE�fg�{f

�V����(Ba)���à�c��>?�&

�����h�������Ï8C9�:}

W~J��7Q�K�MGcHIan¡cz

¢��VfghµaÖLhMN��F��C

uHM�������K�VWXÇ�mÈX

¡czÜfg�{f�V�<(=��F��

C�OPa�����h�������
L

Ga �������(�z Ba8Ga16Ge30 }W

~ Sr8Ga16Ge30 �wVsnd½a�dnX¡

czÖ���{f�V���¶�����c

IÖ�hYZ[\A�	�QnVWÛ Ba/Ga

�z½aXRSz�ghBa}W~ Ga���

����(���TUfgXYZ[\A�	

ch2�3O�Ãq��VWÛV�fg�Y

Z[\A�	V#nÕWzC�g�{µaÖ

LhBa8Ga16Ge30V}¬XYZ[\A�	M�

�X� III°����(Ga)c����(Ba)��

�VWÛV�fgX¡c�ÜY�d}ÛhZ

nU g��������uHVWXYZ[

\�	
�_`o�ÜµÇ�mÈX{ 

 

Þ[�\]¤� |89VWÛC^fg�BC

DEFG������HIJV}¬Xt�u

U��vw_`�_`oMhÓÔ"�<o`

t�uUJb�_`V}¬XJb«Ä�pÅ

caXÇ�mÈX{Ý�h¡gÝm�89m

¢��Va�dnX������Jb�a�

���ÇbcV^gh Ñ���Ad³V}

¬XÓ�oÇeÛ^g�h Ñ�·�CV}

¬X�¶}W~Jo	
�´fcaX89m

ÈX{Þ[�89ghc�dMh�����

�HIJ5³V}nd�¶�Jo89��nh

t�`�a���Mº¼c��ijk`oJ

b�_`�Äl�dnX{ 

 

m@no  

[1] T. Rachi, K. Tanigaki et al., Phys. Rev. B, 72, 

144504 (2005) 

[2] Jun Tang, K. Tanigaki et al., Phys. Rev. B, 78, 

085203 (2008) 

 

Fig.2 Soft X-ray photoelectron spectra of 

Ba8Ga16Ge30 samples.�
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