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r'éNX¥�;�kS9Ù¤Ï��´và�ÔnïÄ�9:¯K. ;�kSéuã^{Ú��á��ï
Äk�~­��/ . |^1�5�nO�ïÄ
 KCrF3 �o��Úá��¥�;�kS9Ù¤Ï. 3o��¥,

GGA Ú GGA+U ü«�{O�(JÑL²ÙÄ�´ A .�c^Ú G .;�kS. éuá�(�, GGA �{�Ñc
^�7á�´Ä�, 
 GGA+U (Ueff = 3.0 eV) ���Ä�´ A .�c^ý�N. 1>�ÿþ´�êUl¢�þ*	
�;�kS��{��, ÏdO�
Ù1>�, ¿(ÜÝK��Ý?Ø
 KCrF3 ¥�;�kS. ��é�
Ù;�
kS�¤Ï: >fr'é�A, 
�> - (f�p�^´Ù;�kS�Ôn�
.

'�c: 1�5�n, ;�kS, 1>�, Jahn-Teller �A

PACS: 71.20.–b, 75.25.Dk, 78.56.–a, 71.70.Ej

1 Ú ó

r'éNX¥�;�kS´và�Ônï
Ä���9:¯K. AO´3 3d LÞ7á�z
Ô¥, ;�!>Ö!g^�gdÝ�p'éÚK
�, éá��>Ñ$!^5�Ôn5�k�~­
��K� [1−8]. Ó�;�kS3ã^{ [9] Ú�
�á� [10] �ïÄ¥�Óâ�~­��/ . W
v¶(�� La1−xAxMn3(A = Ba, Sr, Ca) Ò´;
�kS��;.�L [11]. Ã�,�1N LaMnO3

´ A .�c^ý�N, Ù¥nd�lf�>f�
.´ t32ge

1
g, n�>fÓâÛ�� t2g ;�, g^^

Ý 3 µB, ��Ñi>fÓâ eg ;�, ¿���C
� O �f 2p ;�,z. �´Ï�;�kS�3, â
¦� LaMnO3 � A .�c^(� [11]. Ø
LÞ7
á�zÔ, LÞ7áÍzÔ��3�~k��y�.

���zÔ�', ÍzÔ��'ïÄé�, ùÌ�
´ÍzÔ�Ü¤k�½�(J. �C, Margadonna

Ú Karotsis[12] ¤õÜ¤
 KCrF3, ¿�ïÄ
Ù(
�5�Ú^5 [12−14]. Ï� Cr2+(d4) �>f�.a
qu LaMnO3 ¥� Mn3+(d4), <�ßÿ§�5�

¬aqu LaMnO3. �´¢�uyÙ(�Ú^�C
Ñ'ýÏ�E,�õ: KCrF3 Ø�3¿§ek²w
� Jahn-Teller (JT) ÆC, 
��§Ý�Cz(�Ú
^5�Cu)�X��Cz [12−14]. Ïd�©^1
�5�nO�ïÄ
§�>f!^5Ú;�(�.

�,, 'u KCrF3 ®²k�
¢�ÚnØ?
Ø [12−16], �´�vk<é�ß/�ãÙ¥�;�
kSy�Ú���ÔnÅ�. ù´dué;�kS
���ÿþÚ*	Ñ�~(J, I�ép�UþÚ
�m©EÇ. ,
, �´k�
¢��{ [17−23] U

&ÿ�d;�kSE¤���É5, Ù¥, |^
 �1é��É51>��ÿþ [19−23], �·�J
ø
�
k^�&E. 3d, ·�l1�5�nO
�Ù1>�, ¿l1>�(JéÐ/n) KCrF3 ;
�kSÚ^kS.

éu LaMnO3 Ú KCrF3 ¥�;�kS�¤Ï
8ckü«)º: 1) > - (�p�^ [24,25], = Jahn-

Teller ÆC; 2) >fm�r'é�A [26,27]. @o�
.´ Jahn-Teller ÆCåÌ��^, �´>fm�r
'é�A´û½Ï�? ·�ÏLnØO�£�
ù
�­�¯K: =¦vk Jahn-Teller ÆC, >fm�
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r'é�A�¬�);�kS; Jahn-Teller ÆC�
�^´?�Ú\ì
;�kS. Ïd, >fm�r
'é�A´;�kS����
.

2 O��{

�©�¤kO�Ñ´3 BSTATE[2] ^�e�
¤�, §´Äu�Ý�¼nØ�²¡Å�³�{.

O�¤^¬�~êÚ�f�IêâÑ´¢�¤
� [12,13]. O�¥^��²¡Å¼ê��äUþ

´ 36 Ry, >Ö�Ý��äUþ´ 200 Ry. éu1
� Brillouin � k �mÈ©·�^ 16×16×12 ��
f. �ïÄ
o«^5�, ©O´c^� (FM)!n
«�c^� (A-AFM, C-AFM, G-AFM). A .�c
^, ¬�(�¥ Cr2+ �g^3 ab ¡S�p²1,

÷ c ¶��; C .�c^, Cr2+ �g^÷ c ¶²1,

ab ¡S��; G .�c^, Cr2+ �g^C�Ñ�
�. A«^5(�Xã 1 ¤«. éu���'U, ·
�æ^2ÂFÝCq (GGA-PBE)[28], ¿^ GGA+U

�{ [29] ?n Cr 3d >f�r'é�A.

ã 1 (a) �«^5(�«¿ã; (b)KCrF3 �o��¬N(� (�m+ I4/mcm), x, y, z ¶©O÷��� [11̄0][110] Ú [001] ��

3 O�(JÚ©Û

3.1 ooo������(((���

L 1 �Ñ
�«^5�oU!��~ê!^

ÝÚ A .�c^��Y. lL 1 wÑ, A .�c
^�´Ä�. ù�(ØÚ Giovannetti � [14] Ú Xu

� [16] �ïÄ(J��, �ÎÜ¥fÑ�¢�(
J [12,13].

L 1 �X Ueff �Cz, FM, C-AFM, G-AFM �oU� A-AFM oU���; ab ¡S���~ê Jab, ÷ c ¶���~ê Jc,

Cr �f^Ý, A-AFM ��Y

Ueff FM/meV C-AFM/meV G-AFM/meV Jab/meV Jc/meV ^Ý/µB �Y/eV

0 24 261 258 5.3431 –0.5597 3.51 0.57

1 13 178 165 3.5633 –0.5566 3.54 1.11

2 15 116 108 2.2655 –0.4942 3.56 1.44

3 14 85 75 1.5810 –0.5316 3.58 1.70

4 13 66 55 1.1584 –0.5190 3.60 1.99

5 13 52 42 0.8833 –0.4911 3.61 2.25

L 1 ¥���~ê´�â Heisenberg �., d
Xeúª [2,4,5] �Ñ:

Jc = [E(F ) − E(G) − E(A) + E(C)]
/
(4S2),

Jab = [E (F ) − E (G) + E (A) − E (C)]
/(

8S2
)
,

Ù¥, S = 3.5 ´ Cr2+ �^Ý. lO�(J5w, Jab

' Jc �, cÙ´ Ueff ��'���, ù`²á��
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��A5�~²w. ab ¡S���^ Jab �X Ueff

�O�
~�, 
÷ c ¶����^ Jc Ä�ØC.

Jab ´��Ú Jc ´K�, ùL² ab ¡S´c^Í
Ü, ÷ c ¶��´�c^ÍÜ.

�u KCrF3 �Ä�´ A-AFM �, ·�3ã 2

¥ � Ñ T ^ 5 � � � � Ý (DOS). 3 U þ � �
l −10.0 � −6.0 eV S, Ì�´ F-2p ��z, Fermi

¡NCÌ�´g^�þ� Cr-3d �, l 1.5 � 4.0

eV Ì�´eg^�. l¬N(� (ã 1) ��: �d
� Cr lf38� F �f�ï�l¡N¥%. ¤±,

Cr-3d 3��n�$U t2g ;�Úü�pU eg ;�.

·�O��(Jw«, Cr2+ �o�>fÓâg^�
þ�n� t2g ;�Ú�� eg ;� (t32ge

1
g), 
g^k

e�;�vkÓâ. �Ò´`, Cr lf3pg^�,

ùÎÜ Hund 5K, �Ú¢�ÿþ(J�� [12,14].

ÏL X ��Ú¥fÑ�¢�ÿþ�� [13], 3p§
� (973 K), NX3á��; $u 973 K �, pg^�
� Cr2+ Úu¬�ÆC, ��C¤N%o�(� (�

m+ I4/mcm). N%o�(�¥,CrF6 l¡u)Æ
C, ÷ c ¶ Cr—F �� 2.01 Å, 
 ab ¡S Cr—F �,

�¶ (2.29 Å) Úá� (1.98 Å) �OüÙ, ù� Cr1
Ú Cr2 lf (�ã 1) þ�>fÒ¬ÓâØÓ�;�
�, Xã 3 ¤«.

ã 2 KCrF3 ���Ýã (A-AFM ��¬X(�, GGA �{)

ã 3 (a), (b), (c) ©O´ Cr1, Cr2, Cr3 �ÝK��Ý (PDOS); (d) O�¤�� KCrF3 1>� (A-AFM ��¬X(�, GGA �
{), Ù¥ σ// L« ab ¡S�1>�, σ⊥ L«÷ c ¶�1>�

3ã 3(a) ¥, Cr1 �n�>fÓâg^�þ
� t2g, ��>fÓâg^�þ� d3x2−r2 . Fermi U
±þ 0.5 eV ´ dz2−y2 �, ��Óâ. ã 3(b)Cr2 �
�Üþg^ t2g Ú�� eg(d3y2−r2) �Óâ, 
g^

�þ� dz2−x2 ��Óâ. ã 3(c)Cr3 �Üeg^
� t2g �Ú d3y2−r2 ;��Óâ. Xd�;�kS
ÎÜ Goodenough-Kanamori-Anderson 5K:ab ¡S
� eg-eg ���^´ FM �, Ï�>fÏL F-2p ;
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�3 ab ¡SlÓâ����J[��. 
 t2g ´
�÷U�, §�ÏL¡m� F �f�m����^
´ AFM.

c¡J�, ��*	;�kSéJ¢y. �´,

ÿþ��É51>���{, �±m�/ÿþÑ;
�kS [17−23]. O�¤��1>� (ã 3(d)) �±
�·�n);�kS. ab ¡S�1>� σ// kü
�¸�, α1 3 1.0 eV ?, α2 3�� 8.0 eV ?. α1

?�¸5gu Cr1 �Óâ� d↑
3x2−r2 Ú Cr2 ��Ó

â� d↑
z2−x2 m�>fa�. ÷ c ¶�1>�Ø�

3 α1 ù��¸, Ï�XJ Cr1 Óâ� d↑
3x2−r2 �

>f��[� Cr3 � d↑
z2−x2 ;�þ, Ò7L�=

g^, ù´éJu)�. ¸ α2 ´du F1-2p >fÚ
�Óâ� dz2−x2 (½ dz2−y2) m�3>f�[. ÷ c

¶��, F2(CrF6 �l¡N�º:þ�f) 2p ;�
þ�>f�U�[��Óâ� dz2−x2 (½ dz2−y2).

σ⊥ 3 9.0 eV ?�¸ β3 �5
Ú α2 aq. c ¶
��, Ø
¸ β3 �kü�¸�, ©O´ 3.3 eV ?
� β1 Ú 6.8 eV ?� β2. l PDOS ã¥·�uy, >
f3 Cr1 � d↑

3x2−r2 ;�Ú Cr3 � t↑2g ;�m��
[/¤
¸ β1. >f3 Cr1 � d↑

3x2−r2 ;�Ú Cr3
� d↑

z2−x2 ;�m��[/¤¸ β2.

�
�Ð/£ã KCrF3 � Cr-3d >f�r'

é�A, ·�^ GGA+U �{O�
Ù>f(�.

O�¥, Ueff � 3.0 eV (U = 4.0, J = 1.0 eV), ±có
� [15] ®²�yù
ëê´Ü·�. Ó�·��O
�
 Ueff ©O�ØÓ� (0.0, 1.0, 2.0, 4.0 Ú 5.0 eV)

��¹. (Juy, �X Ueff ���O\, A«^
5��Uþ��Ú��~ê Jab Ñ��~� (�
L 1). ã 4 ´� Ueff = 3.0 eV � KCrF3 �o��Ý
ãÚ PDOS ã. � GGA (J�', Cr-3d Óâ��
$U?£Ä (l –4.0 � –2.0 eV), 
 F-2p �A�v
k£Ä.

ã 4 o�� A-AFM 3 U = 4.0 eV, J = 1.0 eV ���Ý

ã 5 o��(� A-AFM ^5 (a), (b), (c) ©O´ Cr1, Cr2, Cr3 � PDOS; (d) O�¤�� KCrF3 1>�

037102-4



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 3 (2012) 037102

ã 6 o��(� A-AFM ^5�>Ö�Ýã (a) –0.2 eV

� 0 eV ��; (b) 0 eV � 2.0 eV �� (GGA+U , U = 4.0 eV, J =

1.0 eV). ã¥� x, y, z ¶©O÷�� [11̄0][110] Ú [001] ��

3 Ueff = 3.0 eV ��ÝK��Ýã (PDOS)

Ú1>�ãdã 5 �Ñ. �ã 3 �', ·�uy
Óâ� d3x2−r2 Ú�Óâ� dz2−x2 �m��°
l 0.6 eV O�� 2.2 eV. ã 5 ¥�¸ α1 Ú α2 ©O
Ñy3 2.7 eV Ú 9.0 eV ?. 3 5.5, 7.5 Ú 9.0 eV ?
©OÑy¸ β1, β2 Ú β3. c¡J�, O�¥^��
>f'é�AU Ueff ´<�ëê, ù�ëê�±Ï
L1>�¢�ÿ�. ��Uÿ�¸ α1 � �, Ò�
±��>f'érÝ Ueff ��.

ã 6 ¥Ð«
>Ö�Ý, ù���ß/�«
o�� A-AFM ��;�kS. ã 6(a) �ÑÓâ
� d3x2−r2 Ú d3y2−r2 ;�3 ab ¡S��ü�, ÷ c

¶��, Cr1 � d3x2−r2 Ú Cr3 � d3y2−r2 ¤ 90◦ ^
=, ùÒ´ G .;�(�. ã 6(b) éu�Óâ�,

´ dz2−x2 Ú dz2−y2 ;��¤ G .;�kS.

���¹e<�Ñ´ÏL¥f5ÿþ^5�,

Ò� Xiao � [15] $^ù«�{��Ñ KCrF3 Ä

�´ A-AFM. �´, ·�uyÿþ1>���±
(½^5� [20−23]. ã 7 �Ñ
ØÓ^5�O�
Ñ�1>�. 3 A-AFM Ú FM ¥ ab ¡S´c^
�, ù� Cr1

(
d↑

3x2−r2

)
Ú Cr2

(
d↑

z2−x2

)
�m�>

f�[Jø
��Ï�, Ïd α1 ¸Ñy3ùü
��¥. ÷X c ¶�� Cr1

(
d↑

3x2−r2

)
;�þ�>

fØU
�[� Cr2
(
d↓

z2−x2

)
;�þ, ù´Ï�

3 A-AFM �ü�;��g^����. 
3 FM

�ü�;�´²1�, Ïd, 3 c ¶���Ñy

��1>�¸ β1. éu C-AFM 5`, ÷X c ¶´
c^, ab ¡þ´�c^, Ïd Cr1

(
d↑

3x2−r2

)
;�

Ú Cr2
(
d↑

z2−x2

)
;�þ�>f�[3 2.8 eV Ñy

�� β1 ¸. éu C-AFM, du ab ¡þ´�c^,

¤±3 Cr1
(
d↑

3x2−r2

)
;�þ�>fØU
�[

� Cr2
(
d↑

z2−x2

)
;�þ5, ù´Ï�g^��´

�²1�. Cr1
(
d↑

3x2−r2

)
;�þ�>f�±�[

� Cr2 − t↑2g ;�þ, (J´ α1 ¸���� 5.5 eV.

3 G-AFM �, ab ¡Ú c ¶þÑ´�c^, ù¬{�
>fl Cr1 - d↑

3x2−r2 ;��[� Cr2 - d↓
z2−x2(Cr2

- d↓
z2−y2) ;�. Ïd, ÃØ´3 ab ¡�´3÷ c ¶

��� 2.8 eV �NCþvk¸�Ñy. 3 5.5 eV N
CÑy�1D�¸5g Cr1 - d↑

3x2−r2 ;�� Cr2 -

t↑2g Ú Cr3 - t↑2g ;���[. lþ¡�£ã¥, ·�
�±ÏLÿþ1D�¸�� �5(½^SÚ>
f'é�A.

3.2 ááá������: ;;;���444zzz���ååå




; � k S � Å n � � ´ � [ ? Ø � 9
: [24−27], �
ïÄör;�4z�å
8Ï�>
f�(f�m��p�^ (Jahn-Teller ÆC)[24,25],

�k�
ïÄör§8Ïu>f�>f�m�
�p�^ [26,27]. Ïd, ·�@�ïÄ KCrF3 �;
�SéuïÄ;�S�Ånék¿Â. �§Ýp
u 973 K �, KCrF3 C�á��, 3á��¥¤k
� Cr—F �ålþ��. Margadonna Ú Karotsis @
�XJ Jahn-Teller ÆC(¢´;�4z�å
, @
o;�SÒ¬�� [12,13]. ,
, �
'u KCuF3

�nØO�w«, =¦vk Jahn-Teller ÆC, ;�
4zE,¬Ñy [26].
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ã 7 GGA+U (U = 4.0 eV, J = 1.0 eV) O� KCrF3 �«^5��1>� (a)A-AFM; (b) C-AFM; (c)FM; (d)G-AFM

ã 8 á��^5� FM, Cr �f�ÝK��Ý (a) GGA; (b) GGA+U

á��e�«^5 (FM, C-AFM, G-AFM) �
oU� A-AFM oU���XL 2 ¤«. �>f'
é�AU Ueff 6 2.0 eV �, FM ��­½, 
 Ueff >

3.0 eV � A-AFM C¤Ä�. ��~ê Jab Ú Jc

3 Ueff 6 2.0 eV �Ñ´��, ù`²3 ab ¡S9 c

¶��Ñ´c^ÍÜ. Ueff > 3.0 eV �, Jc C¤K
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�, ¿�X c ¶��C¤�c^ÍÜ. 
�, ·�u
y Jab ����´ Jc �n�, `² ab ¡S�c^
ÍÜ' c ¶����c^ÍÜ�r.

lL 2 wÑ, 'é�A'����¹e (U 6
2.0 eV), FM ��Uþ�$. Ïd·�3ã 8 ¥�
Ñ FM �e Cr �f� PDOS. lã 8 wÑ, 3 FM

�e t2g ;�� dxy, dyz Ú dzx n�;�´U?{
¿�, Ó� eg ;�¥ d3z2−r2 Ú dx2−y2 ü�;��
´U?{¿�. 3 CrF6 l¡N¥, Cr2+ lf�>
f�.´ t32ge

1
g. FM �e, d3z2−r2 Ú dx2−y2 U?

{¿, �� eg >f�U3ùü�;�þ�Ó��.

=¦3r'é^�e (Ueff > 3.0 eV), Ï� d3z2−r2

Ú dx2−y2 ;�U?{¿, ùü�;��Ñ´�Ó
â (ã 8(b)). á��(�¥, vk JT ÆC, XJ
2Ø«© Cr �f�^Ý�� (NM ½ö FM), eg

�ü�;� d3z2−r2 Ú dx2−y2 Ò´{¿�. Xd
>f(�� Margadonna �ß��� [15,16]. 
 A-

AFM ¥� d3z2−r2 Ú dx2−y2 �U?{¿)Ø (�
ã 9). 3 U = 0 eV �, A-AFM �¥ Cr � PDOS

(ã 9(a)) Ú FM ��(J (ã 8(a)) �q, =: d3z2−r2

Ú dx2−y2 ;��Ñ´�Óâ. 
��Är'é�
A (Ueff > 3.0 eV) ±�, KCrF3 =C¤ Mott- ý�N
;�kS (�ã 9(b)). Cr2+ �o�>fÓâ
 t2g

�n�;�Ú dx2−y2 ;�. 3vk JT ÆC�¹e,

^5kS�¬)Ø eg ;��U?{¿, 3�Ä>
fr'é�A^�e KCrF3 Ñy;�kS. ¤±,

·�O��(ØÒ´: >f>f'é�Aâ´;�
kS�¤Ï, 
Ø´ JT ÆC. ùÚ Anisimov’s 3'
u KCuF3 �©Ù [26] ¥(Ø��.

L 2 á��e�«^5 (FM, C-AFM, G-AFM) �oU� A-AFM oU���, ��~ê Jab Ú Jc, 3 A .�c^ (A-AFM) ^�eO�

� Cr �f^Ý, ;� d3z2−r2 Ú dx2−y2 Óâê±9�Y

Ueff FM/meV C-AFM/meV G-AFM/meV Jab/meV Jc/meV Cr ^Ý µB 3z2 − r2 x2 − y2 �Y/eV

0 –76 191 180 4.3 1.3 3.58 0.50 0.50

1 –81 171 161 4.0 1.4 3.60 0.40 0.60

2 –10 109 126 2.4 0.5 3.60 0.15 0.85

3 14 85 70 1.4 –0.6 3.61 0.09 0.91 0.588

4 12 64 52 1.0 –0.5 3.62 0.00 1.0 0.888

5 11 55 43 0.8 –0.4 3.63 0.00 1.0 1.182

ã 9 á��^5� A-AFM, Cr �f�ÝK��Ý (a) GGA; (b) GGA+U
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ã 10 á � � ^ 5 � A-AFM, Ueff © O � 0, 1.0, 2.0, 3.0

Ú 4.0 eV �, d3z2−r2 Ú dx2−y2 ;��Óâê�X JT ÆC
ÇCz(J

·���, >(�p�^ (JT ÆC) �U¦;�
u)4z. ã 10 ¥�Ñ;� d3z2−r2 Ú dx2−y2 �Ó
âê�X JT ÆCÇØÓ�Cz. Ù¥ JT ÆCÇ½
Â�: δJT =

d1 − ds

d1 + ds
, ª¥ d1 Ú ds ©O�L Cr-F

��á¶��. ã 9 ¥i\��ãÐ«
3ØÓ>
f'é�Ae (Ueff ), 4z�X JT ÆCÇ�Cz�
¹. 4zÇ½Â�: Nx2−y2 − N3z2−r2 , Ù¥ Nx2−y2

Ú N3z2−r2 ©O�L dx2−y2 Ú d3z2−r2 ;��Óâ
ê. lã 9 wÑ: 3 JT Ratio = 0, U = 0 �ÿ, dx2−y2

Ú dz2−3r2 �;�ÓâêÑ´ 0.5, =vk;�4
z. �½ JT Ratio = 0, O� U , dx2−y2 ;��Óâ
êm©O�, 
 dz2−3r2 ;�þ�Óâê3~�. �

Ò´`, ;�4zÇ�X U �O�
C�. � U �
u�u 3.0 eV �ÿ, =¦vk JT ÆC (JT ÆCÇ
� 0), ;�4zÇ�p� 0.824. ã 10 ¥ dx2−y2 �
Óâê�X δJT �O�
O�, `² JT ÆCk|
u;�4z, �¿Ø´Ì�Ï�. � Ueff 6 2.0 eV

�, =B´ δJT � 0.14, ;�¿���u)4z. 

=B´vk JT ÆC, � Ueff > 3.0 eV ��u)

p� 0.824 ;�4z. ¤±, ·��Ñ: >f'é�
A´;�4z�û½5Ï�, JT ÆC�´\r
4
z
®.

4 ( Ø

|^1�5�nO�ïÄ
 KCrF3 �o��
Úá��>f(�!^5(�Ú;�(�. o��
¥, GGA Ú GGA+U �{Ñ�ÑÄ�´ A . AFM

(�Ú G .;�kS. é1>��ÿþ, �Ð/
)º
;�kS. O��Ñ���~ê Jab ��
´ Jc �n�, ùw«Ñé²w���A�. á�
�(�¥, GGA O��Ñ FM �7á�´Ä�,


 GGA+U (Ueff = 3.0 eV) ��Ä�´ A-AFM. Ï
LïÄ;�4z´XÛ�X>f'é�AÚ JT Æ
C�Cz
Cz, ·��Ñ>f'é�A´;�4
z�û½5Ï�, 
 JT ÆC�´\r
4z
®.
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Orbital ordering and its origin of KCrF3
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Abstract

The electronic, the magnetic and the orbital structures of KCrF3 are studied by first principles in its recently identified crys-

tallographic phases (tetragonal and cubic) [Margadonna and Karotsis 2006 J. Am. Chem. Soc. 128 16436]. In tetragonal phase,

both generalized gradient approximation (GGA) and GGA+U calculations show that the ground state is the A-type antiferromag-

netic (A-AFM) configuration with G-type orbital ordering pattern. Our calculations show that the orbital structures and the magnetic

configurations can be measured by the optical conductivity. In the cubic state, the GGA calculations show that the ground state is

ferromagnetic half metal state, while the GGA+U (Ueff = 3.0 eV) calculations show that the A-AFM insulator phase is the ground

state. Our calculations indicate that the electron-electron interactions rather than the electron-phonon interactions are the driving forces

behind the orbital order.
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