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$^Äu�Ý�¼nØ�1�5�nO��{, ïÄü« β .�É��zÔ��N AOs2O6(A=K, Rb) �(�
­½5, (f^z±9���>5�'X. ÏLO�uy, AOs2O6 ¥w7á�f A(=K, Rb) ÷ 〈111〉 ¬�äkØ­
½5, �± K �f�Ø­½5��âÑ. Ó�, O���� KOs2O6 3Ùp�«¥%�(fªÇÊH' RbOs2O6 �
$, ¦� KOs2O6 �>(fÍÜ~ê' RbOs2O6 ��. �©O�(JL², ���w7á�f K  u����<f
¥, ¹Ä5�r, ��(f�^z, ´Úå KOs2O6 äk�r�>(fÍÜ9�p���=C§Ý����Ï. ù

(Jé)ºü« β .�É��zÔ��N AOs2O6(A=K, Rb) ���>5äk­�¿Â.
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1 Ú ó

�p§��N�uy9ïÄ?Ð, é#��
N�¢�ÚnØïÄ��´và�Ôn�ïÄ
9:. 2004 c, #. (β .) �É���zÔ��
N AOs2O6(A=K, Tc = 9.6 K; A=Rb, Tc = 6.3 K)[1,2]

�uy�m
ïÄ�É��zÔ��N�S4. Ø
Óup§Ô�zÔ��NÚcÄ��N��G(
�, �É��zÔ��NäkE,�n�(�, 
 β

.�É�(�´DÚ�É�(��û)(�, qä
kÙÕA5.

�â¢���, KOs2O6 � RbOs2O6 �'ä
k�p���=C§Ý, ¿�LyÑØÓ�A5.
KOs2O6 ¥ K �fäk��� £ëê��§Ý
�,p
�5O\ [3], L² K �f'�N´É�	
.Ï��Z6, äk�r�Ø­½5; 
 RbOs2O6

¥ Rb �f� £ëê�� KOs2O6 ¥ K �f £
ëê� 0.58 �, Ø­½5ü$. KOs2O6 Ú RbOs2O6

�²þ(fªÇ ωln ©O� 58.9[4] Ú 106.0[5], >
(fÍÜ~ê λep ©O� 2.38[4](1.6[5]) Ú 1.0[5], L
² KOs2O6 �r>(fÍÜXÚ, 
 RbOs2O6 �
>(fÍÜ�¥�. ,	, 39K 3ØÓ^|e�µ
þÇ 1/(T1T ) �§Ý�Cz'X [6] �� KOs2O6

äkr>(fÍÜJøyâ. 3 β .�É��z
Ô AOs2O6 (A=K, Rb) ¥, w7á K ��f�»�,
�±��fm�gd�m�, éA���=C§Ý
p. w7á�f3gd�m¥�¹Ä5 (�Ä) 9Ù
é��>5�K�Úå�Æó�ö�4�'5.

8c, 'u AOs2O6(A=K, Rb) (f½¬��Ä
�¡�nØO�����, ®k� KOs2O6 (fO
� [7] =��
 K �f��ÄÑyJª(f�. 

3·�@Ï�ó�¥ [8], ÏLé AOs2O6(A=K, Rb)
�>f�þO�±9ùü«zÜÔ�>f'é5
�½þO�, ��Ñüö�>(fÍÜ~ê©O
� 1.56 Ú 0.78, L² KOs2O6 �r>(fÍÜXÚ,
�þã¢�(J��. �´, éuÓ�� KOs2O6

Ú RbOs2O6, U~5�þ��� KOs2O6 ATäk
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���²þ(fªÇ, 
¯¢þ%Ñy
���(
J [4,5]. �
n)ù«É~y��å
9Ù��>
5�Ån, I�éüö�(fªÇ?1½þ�O�
ïÄ.

�©3 BCS nØµee, æ^1�5�n�{
ïÄü« β .�É��zÔ��N AOs2O6(A=K,
Rb) �(�­½5, (f^z9Ù���>5�
'X. �©ÏLO�üö�Uþ�w7á�f (K,
Rb)[9] ÷ [111] ¬� � £þ ∆ �'Xuy:
AOs2O6(A=K, Rb) XÚUþ����Ø´Ñy3
w7á�f A(=K, Rb)  £�"?, 
´3w7á
�f K (Rb) ÷ [111] ¬��é�Ä l��: 
� ∆ = −0.50 Å (∆ = −0.45 Å) �, `²3 AOs2O6

XÚ¥w7á�f A(=K, Rb) (¢�3Ø­½5,
¦¬�u)^z, �± KOs2O6 �^z§Ý��. Ù
g, �©O� AOs2O6 (A=K, Rb) 3 Γ : (Ùp�«
¥%) �(fªÇ, uyüö3$ª«ÑÑy
J
ª. (fJª��3?�Úy¢
 AOs2O6 (A=K,
Rb) �3(f (¬�) ^z. c[©Ûw7á�f A
(=K, Rb) � T1u Jª���Ä�ª, uyTJª�
�´dw7á�f A (=K, Rb) ÷ [111] ����Ä

Úå�, ù� β .�É�(�¥d�f��¤��
�w7á�f�Ø­½5��. ,	, (fªÇ�
$é>(fÍÜ��z��, KOs2O6 �(fªÇ
ÊH' RbOs2O6 �$, k|u�)�é�p�>
(fÍÜ~ê. ù�¢�þ��� KOs2O6 ¥äk
$�²þ(fªÇ, r�>(fÍÜ, Ú�p��
�=C§Ý��. �©�O�(Jéu)º β .�
É��zÔ��N AOs2O6(A=K, Rb) ���>5
äk­�¿Â.

2 ¬N(�

D Ú (α .) � É � ( � � z Ô � © f ª
� M2B2O6O′, òÙ¥� M �f ���� , ¿
^w7á�f A (= K, Rb) Óâ O′  �, Os �f
Óâ B  �, K/¤ β .�É�(� AOs2O6, áu
¡%á�(�, �m+� Fd3m. ± KOs2O6 �~,
òÙ¬�Ú���(�«¿ãL«3ã 1 ¥. ¡
%á�(��¬�¥�¹ 8 � KOs2O6 ©f; �â
�NÔn�£ØJ��Ù���n�(�, �¹ 2
� KOs2O6 ©f.

ã 1 KOs2O6 �¬� (�) Ú�� (m) (�«¿ã. Ù¥�¥�L K �f, �¥�L Os �f, ��ßå��xÑ O �f

β .�É�(��zÔ AOs2O6(A=K, Rb) ¥
du� ��3¦�w7á�f (K, Rb) �±�
�f��, /¤���gd�m. z�w7á�
f�±����f�¤AÏ��<f(�, w
7á�f (K, Rb) ?u����<f¥äk�r
�Ø­½5, ù´ β .�É�(����âÑ
A:. ã 2 � KOs2O6 ¬�¥� 1 � K �f (I
P� K1 �f) �Ù±����f�¤��<f
(�. ù��<f(�´ K1 �f�Ù�C�
� 6 ���fÚgC�� 12 ���f�¤�,
ã¥�C�ÚgC���f©O^êi 1 Ú 2

IP, K1 �f u�<f�¥%. lã 2 ¥�±
wÑ,  u¥%� K1 �f�Ù�C�� 4 � K
�f (IP� K2, K3, K4 Ú K5) �¤�o¡N,
K1→K2, K1→K3, K1→K4, K1→K5 � � � © O
� [1, 1, 1], [−1,−1, 1], [−1, 1,−1] Ú [1,−1,−1] ¬
�. ÷ùo�¬�w� (Xã 3 ¤«) , ·�uy
�<f3 K1→K2, K1→K3, K1→K4 Ú K1→K5 �
��m
o�Ï�, � u�<f¥%� K1 �
f�Ù�C� K �f£ÄJø
�B. ÏL±þ
é KOs2O6 ¬N(��©Û, uy K �f÷ 〈111〉
¬�äkØ­½5.
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ã 2 KOs2O6 ¥ K �f±���<f(�, �¥L« K �f,
�C�ÚgC���f©O^êi 1 Ú 2 IP. K1  u�<
f¥%, Ù�C��o� K �f©OIP� K2, K3, K4 Ú K5.
K1→K2, K1→K3, K1→K4 Ú K1→K5 o���©O� [1, 1, 1],
[−1,−1, 1], [−1, 1,−1] Ú [1,−1,−1] ¬�

3 O��{

��¡, �©æ^ WIEN2K[10] §S�O�ü
« β .�É��zÔ��N AOs2O6 (A=K, Rb) �
Uþ�w7á�f A(=K, Rb) ÷ [111] ¬� � 
£þ ∆ �'X, ¿?ØXÚ¥w7á�f�­½
5, §´Äu�Ý�¼nØ��³�5M\²¡
Å (FP-LAPW) \Û�;� (LO) �{�1�5�
nO�§S�, �@�´O�á�Ôn5��°(
�§S��. O�¥��'é³À��#uy��
°(� Wu-Cohen 2ÂFÝCq [11]. �[�¬�
ÚO�ëêëì·�@Ï�ó� [8]. ,��¡, �
©æ^Äu�Ý�¼nØ²¡Å�³�{� Quan-
tum ESPRESSO §S� [12] O�ùü«��N3 Γ

: (Ùp�«¥%) �(fªÇ. O�¥¦^�^�
³ [13], ��'é³À� PBE 2ÂFÝCq [14]. ²
¡ÅÚ>Ö�Ý�äU©O�� 70 Ry Ú 700 Ry,
>fgUÈ©æ^ 10 × 10 × 10 �k:��.

[↩↪↩↪]

[↪↩↪↩]
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ã 3 ÷ (a) [1, 1, 1], (b) [−1,−1, 1], (c) [−1, 1,−1], (d) [1,−1,−1] ¬� K �f±���<f(�
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4 O�(J�?Ø

4.1 (((���­­­½½½555

�?�Ú/y¢ AOs2O6(A=K, Rb) ¥w7á
�f÷ 〈111〉 ¬��Ø­½5, �©æ^���
.O�
ùü«��N�XÚUþ�w7á�
f (K, Rb) ÷ [111] ¬�� � £þ ∆ �Cz
'X, O�(JXã 4 ¤«. ã 4 ¥K £éA
��¥� 2 �w7á�f (K, Rb) ÷ [111] ¬�
�é�Ä (ã 1(m) ¥�%�Þ¤«) , 
� £
éAü�w7á�f (K, Rb) ÷ [111] ¬���
�Ä (ã 1(m) ¥¢�Þ¤«) . lã 4 ¥�±w
Ñ AOs2O6(A=K, Rb) XÚUþ����Ø´Ñy
3w7á�f A(=K, Rb)  £�"?, 
´3w7
á�f A(=K, Rb) ÷ [111] ¬��é�Ä l�
�: ��� £�, `²3 AOs2O6 XÚ¥w
7á�f A(=K, Rb) (¢�3Ø­½5, ¦¬�u
)^z. ùp�¬�^z´�w7á�f A(=K,
Rb) ÷ [111] ¬��é�Ä ∆  £��XÚUþ
� ∆ = 0 �XÚUþ�«O. Ùg, � K �f 
£��: ��, KOs2O6 XÚ�UþÑyK�
�§Ý� RbOs2O6 ��, = K �f £�¦X
ÚUþü$��x³, L² KOs2O6 � RbOs2O6

�'(��Ø­½, ^z§Ý��. ,	, KOs2O6

¥w7á K �f £�� −0.50 Å(1 Å=0.1 nm)
�XÚUþ�$, 
 RbOs2O6 ¥ Rb �f £�
� −0.45 Å�XÚUþ�$, ù�¢�ÿþ��
� K �f� £ëê�u Rb �f� £ëê [3]

���. �©�O�(Jy¢
w7á�f A(=K,
Rb) 3 β �É�(�¥÷ [111] ¬�äkØ­½5,

/
(e
V
/

)









↩

↩. ↩.  . .

∆/A

KOsO

RbOsO

ã 4 AOs2O6(A=K, Rb) XÚUþ�w7á�f A(=K, Rb)
÷ [111] ¬� £þ ∆ �Cz­�, K (�)  £éAã 1(m) ¥
ü�w7á�f��éÚ���Ä

¦¬�u)^z, ¿�TØ­½5 (½¬�^z) �
w7á�f�»�O�
~f.

4.2 Γ ::: (ÙÙÙppp���«««¥¥¥%%%) (((fffªªªÇÇÇ

Äk, d+©Û�� Fd3̄m �m+3 Γ : (Ù
p�«¥%) �Ø��L«�±�� [7]:

Γ =A1g + 2A2u + Eg + 2Eu

+ 2T1g + 6T1u + 4T2g + 3T2u, (1)

Ù¥k�� T1u �(Æ�, Ù{þ�1Æ�. .ù
1Æ��� 6 |, � A1g + Eg + 4T2g, Ù¥��
� T2g ��w7á�f�Ä�, ,	 5 �þ���
f��Ä�. 3ù«�É�(�¥du��f u
�m�ü¥%, ¤±¤k�.ù(f�Ñ´w7á
Ú��f��Ä�.

�½þ�ïÄ AOs2O6(A=K, Rb) �¬�Äå
ÆA5, �©O�
�ö3Ùp�«¥% (Γ :)
�(fªÇ, O����1Æ�(fªÇ�uL 1
¥. lL 1 uy KOs2O6 ¥kü|Jª1Æ� —
– Eu �Ú T1u �. cö´ O �f��Ä�, ªÇ
� −257.0 cm−1, �©z [7] ��� (−286 cm−1) �
�; �ö´ K �f��Ä�, ªÇ� −174.2 cm−1.
3 RbOs2O6 ¥, =k Rb �f�Ä�)� T1u �
�Jª�, ªÇ� −164.4 cm−1, ' KOs2O6 ¥ T1u

��ªÇp. Jª��3´(f (¬�) ^z�L
y, L²¬�äkØ­½5. c[©Ûw7á�
f A (=K, Rb) � T1u Jª���Ä�ª, uyT
Jª��´dw7á�f A (=K, Rb) ÷ [111] �
���ÄÚå�, ù� β .�É�(�¥d�f
��¤���w7á�f�Ø­½5��, ��
ã 4 �O�(J�¬Ü. �âc¡�¬N(�©
Û, du K �f u����<f¥, gd£Ä�
�m��, ¹Ä5�r, l
�� KOs2O6 XÚ¥
(f^z§Ý� RbOs2O6 �� (Jª� RbOs2O6

�$) , ¬��Ø­½5�r. @Ï�é α .�É
��zÔ Cd2Re2O7 (fA5�ïÄL² Eu ��
�^z�é§Ý� 200 K ��(��Cå�
­
��^ [15−17]. a' Cd2Re2O7 (fA5, �±n
) KOs2O6 ¥ O �f Eu ��Jªy�. ,��¡,
'�L 1 ¥ KOs2O6 Ú RbOs2O6 (fªÇ���,
�±wÑ KOs2O6 ¥(fªÇÊH� RbOs2O6 �
$, �â>(fÍÜ~ê�O�úª [18]:

λep =
∑

i

Ni (EF )ηi/
(
M

〈
ω2

i

〉)
, (2)
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Ù¥ i L«é¤k�f¦Ú, �±��(fªÇ�
$é>(fÍÜ��z��. KOs2O6 ¥(fªÇ
ÊH�$, k|u�)�p�>(fÍÜ~ê. ù
�¢�þ��� KOs2O6 ¥äk$�²þ(fª
Ç, r�>(fÍÜ~ê, Ú�p���=C§Ý
��.

o(±þ, ·�@� KOs2O6 ¥(f�^z
´Jp>(fÍÜ~ê9��=C§Ý�'�
Ï�. K �f u����<f¥, gd£Ä��
m��, äk����f £, ¬� ((f) ^z

§Ý��, Jp
��>5. �w7á�f�»
�O�w7á�f3�<f¥�¹Ä5~f, Ï
d RbOs2O6 �(�­½5Or, (f�^z§Ý
ü$, ��>5~�. ¯¢þ, éõ#��Näk
���>(fÍÜ~êÑ´du(f^zÚå�.
~X(f^zÚå
 MAlSi(M=Ca, Sr, Ba) [19,20]

Ú MgCNi3[21,22] ���>5, Jp
cÄ��á
� LiFeAs[23]!FeSe[24] ����=C§Ý. ¤±(
f^z´8cJp#��á�>(fÍÜ~ê9
��=C§Ý���'�Ï�.

L 1 AOs2O6(A=K, Rb) Γ : (Ùp�«¥%) �(fªÇ (cm−1)

KOs2O6

Eu T1u T2g T1u T2u T2u T1g Eg T2g Eu

−257.0 {−286a} −174.2 57.5 59.8 92.4 161.1 185.8 191.0 {220b} 207.7 {211b} 215.9

T1u A2u T1u T2g A2u A1g T1g T1u T2u T2g

268.7
295.8
{291a}

406.5
437.2
{426b}

447.9
{453a}

510.6
{513b}

608.8 632.7 698.0 698.1 {764b}

RbOs2O6

T1u T2g T1u T2u T2u T1g Eg T2g Eu T1u

−164.4 21.0 38.1 88.4 159.6 181.1 191.5 210.3 212.0 266.3

A2u T1u T2g A2u A1g T1g T1u T2u T2g Eu

295.6 401.1 436.6 449.4 510.4 605.6 630.7 693.3 694.8 702.9

a ©z [7] O�(J; b ©z [7] .ùÑ�¢�(J

5 ( Ø

�©æ^1�5�nO��{, 3 BCS nØ
µee, ïÄ AOs2O6(A=K, Rb) �(�­½5, (
f^z���>5�'X. ÏLO� AOs2O6(A=K,
Rb) Uþ�w7á�f � £þ ∆ �'X, uy
üö¥w7á�f÷ 〈111〉 ¬�äkØ­½5, �
± K �f�Ø­½5��âÑ. ,	, '�O��
�� AOs2O6(A=K, Rb) 3Ùp�«¥%�(fª

Çuy, KOs2O6 �(fªÇÊH' RbOs2O6 �$,
�Ä>(fÍÜ~ê�ªÇ�'X, (fªÇ�$
é>(fÍÜ��z��, ¤± KOs2O6 �>(f
ÍÜ~ê� RbOs2O6 ��. (Ü(�©Û, ·�@
����w7á�f K  u����<f¥, ¹Ä
5�r, ��(f�^z, ´Úå KOs2O6 äk�
r�>(fÍÜ9�p���=C§Ý����
Ï. �©�O�(Jk|un) β .�É��zÔ
��N AOs2O6 (A=K, Rb) ���>5.
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[5] Brühwiler M, Kazakov S M, Karpinski J, Batlogg B 2006 Phys.
Rev. B 73 094518

[6] Yoshida M, Arai K, Kaido R, Takigawa M, Yonezawa S, Muraoka
Y, Hiroi Z 2007 Phys. Rev. Lett. 98 197002

[7] Hasegawa T, Takasu Y, Ogita N, Udagawa M 2007 Phys. Rev. B
77 064303

[8] Wang W, Sun J F, Liu M, Liu S 2009 Acta Phys. Sin. 58 5632 (in
Chinese) [�U, �[{, 4¨, 4� 2009 ÔnÆ� 58 5632]

[9] Xin X G, Chen X, Zhou J J, Shi S Q 2011 Acta Phys. Sin. 60
028201 (in Chinese) [$¡?, ��, ±¬¬, �gà 2011 Ôn
Æ� 60 028201]

[10] Blaha P, Schwarz K 2003 Comp. Mater. Sci. 28 259

[11] Wu Z, Cohen R E 2006 Phys. Rev. B 73 235116

[12] Baroni S, de Gironcoli S, Dal Corso A, Giannozzi P, Avalibale
from http: //www.pwscf.org

[13] Vanderbilt D 1990 Phys. Rev. B 41 7892

137402-5



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 13 (2012) 137402

[14] Perdew J P, Burke K, Ernzerhof M 1996 Phys. Rev. Lett. 77 3865
[15] Kendziora C A, Sergienko I A, Jin R, He J, Keppens V, Sales B C,

Mandrus D 2005 Phys. Rev. Lett. 95 125503
[16] Sergienko I A, Curnoe S H 2003 J. Phys. Soc. Jpn. 72 1607
[17] Yamaura J, Hiroi Z 2002 J. Phys. Soc. Jpn. 71 2598
[18] An J M, Pickett W E 2001 Phys. Rev. Lett. 86 4366
[19] Huang G Q, Chen L F, Liu M, Xing D Y 2004 Phys. Rev. B 69

064509
[20] Ma R, Huang G Q, Liu M 2007 Acta Phys. Sin. 56 4960 (in

Chinese) [êJ, �?�, 4¨ 2007 ÔnÆ� 56 4960]

[21] Zhang J H, Ma R, Liu S, Liu M 2006 Acta Phys. Sin. 55 4816 (in
Chinese) [Ü\÷, êJ, 4�, 4¨ 2006 ÔnÆ� 55 4816]
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Abstract
Using the first-principles calculational method based on the density functional theory, we study the structural instabilities, phonon

softenings, and their relation to the superconductivities of two β-pyrochlore oxide superconductors AOs2O6(A=K, Rb). It is found that
there are structural instabilities of alkali ions along the 〈111〉 direction in the two β-pyrochlore oxide superconductors AOs2O6(A=K,
Rb), especially in KOs2O6. Meanwhile, a comparison of the phonon frequency at zone-center between KOs2O6 and RbOs2O6 shows
that the frequency of KOs2O6 is lower in general than that of RbOs2O6, leading to the stronger electron-phonon coupling. We conclude
that K atom located in a large oxygen cage has an unusual large atomic displacement parameter and strong activity, thereby resulting
in strong phonon softening. This is the foundamental cause for stronger electron-phonon coupling and higher superconducting transi-
tion temperature of KOs2O6. These are of significance for explaining the superconductivities in β-pyrochlore oxide superconductors
AOs2O6(A=K, Rb).
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