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è}×�Ú�Û$Ù�ÖUÚ�×�à#Ü�Þ3Þ�ß�ç5Ù�ä�Ö	Ü�Ú�×�Ý�×�ÖUÚ�Ü�Þ�Ù�ÝDÚ�×�ß�Ö�ØaékÜDÚ�è=Ü�Ü�Ö~Ú�Û	Ü�çcì�â�ÜNÙ�ã�×�Ö�ä}Ú�ßmÚ�Û�Ü�ß�é�Ø�Ü�Þ3ø�Ü�ã)�:ð®Ú�ë4êkÜ=Ù�ÖUÚ�×�à#Ü�Þ�Þ3ß�ç'Ù�ä�Ö�Ü�Ú�×�Ý
ß�Þ3ã�Ü�Þ3×�Ö�ä~Ø3Û�ßPè}Ö+×�ÖCöw×�ä�á	Þ�Ü�
 ï ÙUñDå�æzÛ�×�Ø=Ú�ë4êkÜQß�à;ß�Þ3ã�Ü�Þ3×�Ö�ä~ç6×�Ö	×�ç6×�î�Ü�Ø�Ú�Û�ÜFØ3Ú�Þ�Ü�Ø�Ø}×�Ö�Ú�Û�ÜFØ3ë4Ø3Ú�Ü�çcì�Ø�×�Ö�Ý�ÜFÚ�Û	Ü
Ø�Û	ß�Þ3Ú�Ü�ÞÙ�Ö Ú�×�à#Ü�Þ�Þ�ß�ç'Ù�ä�Ö�Ü�Ú�×�ÝzéBß�Ö�ã�Ø=Ù�â�â�â�×�Ü}×�Ö!Ú�Û�ÜmØ�Ù�ç6Ü:ê�âsÙ�Ö	Ü�å4��Ö'û=×*Õ+Ö�÷Fú�ì9Û�ßPè�Ü�ø�Ü�Þ�ì�Ú�Û�Ü:âsÙ�Þ3ä�Ümã	×�Ø3Ú�ß�Þ3Ú�×�ß�Ö
×�ÖUÚ�Þ�ß4ã�á�Ý�Ü�ã�é ë�Ú�Û�ÜCû=×zâ�ß�Ö�Ü�ê�Ù�×�Þ�ì�ß`ø�Ü�Þ�ð�Þ�×�ã�Ü�Ø~Ú�Û�Ü�Ú�Ü�Ö�ã�Ü�Ö	Ý�ë�à#ß�Þ$Ú�Û�Ü�Ø�Û�ß�Þ3Ú!éBß�Ö�ã�Ø~Ú�ß�Ù�â�×�ä�Ö�×�Ö�Ù0ê�â�Ù�Ö�Ü�ì
Ù�Ö�ã0Ú�Û�Ü~ß�Þ3é�×�Ú�Ù�â´ß�Þ�ã�Ü�Þ�×�Ö	ä�×�Ø:Ú�Û�Þ3Ü�ÜDð�ã�×�ç6Ü�Ö	Ø�×�ß�Ö�Ù�â ï öw×�ä�á�Þ�Ül
 ï é-ñHå ñMæzÛ á�ØFÚ�Û�ÜLØ3Ú�Þ3á�Ý�Ú�á�Þ�Ü!×�Ømà#Ü�Þ3Þ�ß�ç5Ù�ä�Ö	Ü�Ú�×�Ý�ì
Ù�â�Ú�Û�ß�á	ä�Û'Ø�Ú�×�â�âBà#Þ3á�Ø3Ú�Þ�Ù�Ú�Ü�ãJì ï Ø3×�Ö�Ý�ÜGÚ�è=ß~ß�àKÚ�Û�ÜQÕcÖ9ð�Õ+Ö�×�ÖUÚ�Ü�Þ�Ù�Ý�Ú�×�ß�Ö	Ø�è�ß�á�â�ã'â�×&%�ÜmÚ�ß$ékÜ/Ù�ÖUÚ�×�à#Ü�Þ�Þ3ß�ç'Ù�ä�Ö�Ü�Ú�×�ÝNñDå

��Ö5Ø3á�ç6ç'Ù�Þ�ë�ì�Ú�Û�Ü}Ø3Ú�Ü�Þ�Ü�ß9Ý{Û�Ü�ç5×�ÝNÙ�â�â�ëLÙ�Ý�Ú�×�ø�Ü:â�ß�Ö�Üzê�Ù�×�Þy×�Ö5û�×*Õ+Ö-÷/ú�ÝNÙ�á�Ø�Ü�Ø=ÙFØ3ë4ç6ç5ÜDÚ�Þ�ë~â�ßPè�Ü�Þ�×�Ö�äQØ3Ú�Þ�á�ÝHð
Ú�á	Þ�Ù�â}ã�×�Ø3Ú�ß�Þ3Ú�×�ß�Ö�è}Û�×�Ý{Û[ékß�Ú�Û�ã	Þ�×�ø�Ü�Ø6Ú�Û�Ücà#Ü�Þ�Þ3ß9Ü�â�Ü�Ý�Ú�Þ3×�Ý�ê�Û�Ù�Ø�ÜcÚ�Þ�Ù�Ö�Ø�×�Ú�×�ß�ÖJìÙ�Ö	ãJìzÙ�Ø5Ù�Ø3Ü�Ý�ß�Ö�ã�Ù�Þ�ë�ÜDù?Ü�Ý�Ú�ì
Ù�â�â�ßPè}Ø=à#Ü�Þ3Þ�ß�ç5Ù�ä�Ö	Ü�Ú�×�ÝFß�Þ�ã	Ü�Þ�×�Ö�ä�å

� :



CubicBiMnO3,Bi-Oplane

CubicBiMnO3,Mn-Oplane

CubicLaMnO3,La-Oplane

CubicLaMnO3,Mn-Oplane
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ß�Û�à&ÔwèYÜ6Ô+Ô6à'Ô6ÜwÞfÓfÙ�è]à&ÙNÜPÛ�à'Ð&ê6Û�Þ�Ð'Ù�è÷ÚëÒYèYÜ-Þ�Ð&Ù�è>ð�Ü6Ù�à&Ù�ÓRÜ6ÙNñYÔwñVÛ�Ø8Ð'è]ÞfçYÔ�øSÛ�Ó�øûüÞ�çYÔ+ØfÐ&ñ[Ô+Ù�ÚpÞ�çYÔªýSÑ�ÒYÓ±Ô�â©õ·çYÔ
Ü6Ó�ûNØ±Þ�Û�àLÐ'Ø·Ù�ÓfÐ'Ô6èÞ�Ôwñ�Øfà&Ð'Ñ�çÞ�àºû8Ù�þ�Þ�çYÔ»ÿ�ÛWò«Ð'Ø6âgÏSÓfÙ�ô��¤Ô-Ú}â��9ã�á��vâ

Ï�Ð'Ñ�ÒYÓfÔ��«Ögõ·ç[Ô»ÞÅú¿Ù	�Åñ[Ð&ô"Ô6èYØ±Ð&Ù�èSÛ�àEÙ�Ó±øYÐ'Þ�Û�à>Ù�Ó±ñYÔ6Ó±Ð&èYÑRÐ&è�
GÛí+èSîæïÇÝbÛå�Ð'Ø·Ü6Ù�ô"óSÛ�Ó±Ô6ñ�úÀÐ'Þ�ç1ÞfçYÔ»ÞfçYÓfÔwÔoñYÐ&ô"Ô6è��
ØfÐ'Ù�èSÛ�àÙ�ÓføYÐºÞ�Û�àÙ�Ó±ñYÔ6Ó±Ð&èYÑ¤Ù�èlìhÐtí+èSîæï�Ý@ø�å/â�õ·çYÔgøIÙ�à&ñ»à&Ð'èYÔ6ØGÓfÔwóYÓfÔwØfÔwè3Þ�Þ�çYÔ¿Ù�ÓfÐ'Ô6èÞ�Û�ÞfÐ&Ù�èoÙ�Ú«Þ�çYÔ�����GÙ�Ó±øYÐ'Þ�Û�à&Øwð�Û�Ø
ÓfÔ-ß�Ô6Û�à&Ôwñ8øûRÔ6à'Ù�èYÑÛ�ÞfÐ&Ù�è[Ø4Ù�ÚEÞfçYÔpí+è�î��hÙNÜwÞ�Û�çYÔ6ñ[Ó�Û[ânÏSÓ±Ù�ô��ÀÔwÚ}â���ã��	�bâ��hÙ�óûNÓfÐ'Ñ�çÞpÝ���á�á���å�øû)Þ�çYÔ��pô"Ô6Ó±Ð&ÜPÛ�è
�nçû«Ø±Ð&Ü6Û�à �«Ù«ÜwÐ&Ô-ÞÅû�â
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HJILK-MON�PRQ-N�NTSVU-W�KXWRN=MZY�[\I�]J^_UE^	`Z]ba&cdWeSV^�`O`ZMOP$^	[fS=MZ]gWeh=h=I�ci^�Y�[-WeS�jlknmponqGmsrCtuS&v1IxwE^�N=MZP�PRI�[-PRWeyXSVN$UE^{z�W�SVILw|W
MO[�S=h=IuK-Q-PRWeK@}xH$U-WL~Eh=N;S�MON�SVUE^�S�I�]T^\UE^	`Z]ba&cdWeSV^�`O`ZMOP�]gWRh�h=I�c�^�Y�[XWeS�jlknm q�msr��@S=U-WxN=WRPeI�[-K�MON�SVUXW�jgN=`ZMOY�U�SV`��
cdMON=[-^�c�WeK�r5U-^�`Z]ba�c�W�S�^�`Z`OMOP����E����]gWRh�h=I�c�^�Y�[XWeS{}G��I�[X~E[-MZ[-YxI�Q-h�N=WR`�z�WeN�S=I_SVU-W�N�MOcdy-`OWeN�STN�MZS=QE^	SVMZI�[�I�]JN;SVI�MZP�U-MOI	a
cdWeSVh�MOPxPRI�c�y|I�Q-[-KXNRt+v�U-WRh�WiWR`ZWRP�SVh=I�[�S=hV^�[-N�y�I�h�S�MON�h=WR^�K-MO`��sPR^	SVWeY�I�h=MZ�RWeK��sc�W�S�^�`Z`OMOP	t@I�h�MO[-N�Q-`b^�SVMO[XY���SVUXW
z	^�N�S�ci^���I�h=MZS&��I	]E]gWRh=h�I�c�^�Y�[-W�SVMOP�c�^	SVWeh=MO^�`ON ^�h=W1c�W�S�^�`Z`OMZP�}Jm�^�[���I�]ESVUXW�]gWev�]gWRh�h=I�c�^�Y�[XWeSVMZP1MZ[-N=QX`b^	S=I�h=N+SVUE^�S
^�h�WL�u[XI�v�[�^�h�WLQ-[-K-Weh�PRQ-h�h=WR[�S�N�S=Q-KX�sS=I\Q-[-K-Weh=N;S�^�[-K�SVUXWdcdMOPeh=I�N�PRI�yXMOP�cdWRP�U-^�[-MON�c ]gI�hnN=y-MZ[�^	`OMOY�[-c�We[�S{t
w|WRP{^	Q-N=W�SVU-W�PeI�c�cdI�[\N;S�^	S=W�I	]�^	¡¢^�MZh=N$MONT]gI�h$ci^�Y�[-WeS=MOP�MZ[-N=Q-`O^	SVI�h=NTSVIxw|W�o�qGm£Ne}

¤&[�^\]gWeh=h�I�ci^	Y�[-WeSRt�S=U-WLci^¥��I�h=M�S&�¦j&§¨N�y-MO[�Q-y¢©�r�^�[XK�cdMO[XI�h=M�S&�ªj&§¨N�y-MO[�KXI�v�[¢©�r�WR`ZWRP�SVh=I�[-MOP_N;�uN�SVWec�N�j�^�`ON�I
P{^	`O`OWeK�P�UE^	[-[-WR`ZN�r+UE^{z�WTK-MZN�S=MO[-P�S«wE^	[-K_N�S=h=Q-P�SVQ-h�WRNetfv�UXMOP�U_MZ[�SVUXW�N=MZc�yX`OWRN;S«yXMOPeS=Q-h=W�^�h=W5MOKXWR[�SVMZP{^�`uwE^�[-KXN«N=yX`OMZS
w���S=U-WLW�¬�P�UE^�[XY�WxN=y-`ZMZS=S=MO[-YiL®l¯�}�onN�^�h�WRN=QX`ZS{t¢[-I�S�I�[-`���MONnS=U-WLci^�SVWRh�Mb^�`Jc�^�Y�[-W�SVMOP�j�w|WRPR^�Q-N=W_S=U-WLwE^�[XK-N
^�h�W°~E`Z`OWRK�v�MZSVUiK-MZ¡�WRh�WR[�S$[fQ-c_w|WRh�NTI�]+WR`ZWRP�SVh=I�[-N�r1wXQXS$MZS=N�We`OWRP�SVh�MOP�PRQ-h�h=WR[�S�MZN�N=yXMO[�a�y�I�`O^�h=MZ�RWeK�j�QX[uw-^�`b^�[XPRWRKEr
w|WRP{^	Q-N=WLSVUXWLwE^�[-K�N;SVh=QXPeSVQXh=WRN�^�h�W_K-MZ¡�WRh�WR[�S�^	S�S=U-WxqEWRh�c�MJ`OW�z�WR`l}�¤&[�y-h=^�PeS=MOPeW�t¢S=U-WLwE^�[-K�N;SVh=QXPeSVQXh=WRN�PR^�[
w|W�PeI�[-N�MOK-WehV^�w-`��\cdI�h=W�PeI�c�yX`OMOPR^	SVWeK@t-U-I¥v1Wez�WRhRt�^�[-K�MZS�MZN�^�`ZS=I�Y�W�SVU-Weh$y�I�N�N=MZw-`OW�S=UE^	S�SVU-Weh=W�MON�^xY�^�y7MO[7SVUXW
wE^�[XK-N�I�]1I�[-W_N�y-MO[�P�UE^�[X[-WR`�jgU-WR[-PeW\§¨MZ[-N=Q-`O^	SVMZ[-Y-©¨r$v�UXMO`OW�SVU-Weh=WLMON�[XI�[-WLMO[£SVU-WLI�S=U-WRh�P�U-^�[-[-We`�t±`OWR^{z�MZ[-Y\MZS
cdWeS�^	`O`OMZP�t PRI�[-KXQ-PeS=MO[-Y-t5^�[XK²KXMON=yX`b^{�uMO[-Y�^�qEWRh�c�M1N=Q-h;]�^�PRW	}ª¤&[�SVU-MZN_P{^�N�W\SVU-W\PeI�[-K-Q-P�SVMZI�[�MON�³¥´�´�µ¶N�y-MO[�a
y|I�`b^�h�MO�eWRK@t�^LQ-[-MO·fQ-W�N�MOY�[-^	SVQ-h�W�I�] ^LUE^�`�]+c�W�S�^�`l}�on[-I	SVU-Weh$N=MOY�[E^	SVQXh=W�MZN�SVUE^�S$SVU-W�N�y-MO[\c�^�Y�[-W�SVMZP�c�I�c�We[fS
MON°^�[sMZ[�SVWRY�WRhR¸TS=U-W�N�y-MO[�P�UE^�[-[-We` v�M�SVU�^dY�^�y�v�MZ`O`±UE^{z�W_^�[sMO[�S=WRY�Wehn[fQ-c_w|WRhn¹�º�I�]G~-`O`OWeK£w-^�[-K-Net@U-I�`ZK-MO[-Y
¹�º_WR`ZWRPeS=h=I�[XN�y|WRh�PRWe`O`l}�H$U-MZN�`OW{^{z�WRN�S=U-WxI�SVUXWRh�N=y-MZ[�P�UE^	[-[-WR`�v�MZS=U»^	[�MZ[fS=WRY�Weh�[uQXc_w�Weh�¹�¼LI�]�WR`ZWRPeS=h=I�[XN
j�N�MO[-PeW�v1W�^�h=W�h=WeN�S=h=MOP�SVMZ[-YxI�Q-h�PRI�[XN=MOKXWRhV^�SVMOI�[�S=IdN;SVI�MZP�U-MOI�c�W�SVh=MZP�PRI�cdy|I�Q-[-K-N$v�M�SVU£^�[£MZ[�SVWRY�WRh�[fQ-c_w|WRh�I�]
WR`ZWRP�SVh=I�[-NLMO[¦WR^�P�U½PeWR`Z`¾r�}�H$U-W7N�y-MO[¦c�^�Y�[-W�SVMZP�c�I�c�We[fSRtGMO[¦¿±À�t�MZN�SVU-W\KXMZ¡�WRh=We[-PRW7I�]�S=U-W�S&v�I�MZ[fS=WRY�Weh=Ne¸
Á Â ¹�º$Ã½¹�¼�}bÄÆÅ�Ç�È�oBN�WRcdM�a�y�I�yXQ-`b^�h�K-WeN=Peh=MOy�SVMOI�[sI�]GUE^	`Z]�cdWeS�^	`ON°^�[-K�S=U-WRMZhny-h�I���WRP�SVWRK�^	y-y-`OMZP{^	S=MOI�[XN°UE^	N
h=WePRWe[fS=`Z��^�yXy�WR^�h=WeK@}bÄÊÉ�´	È

H I�c�^��	WiN=UXI�h�S�v�UE^	SLPeI�Q-`OK»w�Wi^�c_Q-P�U¦`ZI�[-Y�Weh�SV^�`OW	¸_SVU-W�c�^	S=WRh=MO^�`GP{^	[¦w�W�ci^�Y�[-WeS=MOP�^�[-K»��WeSLSVUXW
MO[�S=WRY�Weh Á PR^�[iw|W��RWRh�I-}OÄÆÉX³eÈ¢H$U-MZN1h�WR·fQ-MZh=WRN1c�I�h=W$SVUE^	[iI�[-W°ci^	Y�[-WeS=MOP�^	S=I�cËj�I�h1MZI�[�r�MO[xSVU-W°PRWe`O`�tfK-MZh=WePeSVWeK
Ì ^�[-K�Í�MZ[�N�Q-P�Uª^�v�^{��SVUE^	S�S=U-WRMZh�WR·fQE^�`GwXQXS�MO[-We·uQXMZz	^�`OWe[�S�c�I�cdWR[�S=N�P{^�[-PeWR`l}LoÎN=P�U-Weci^	S=MOPxK-We[-N=M�S&��I�]
N�SV^	SVWeNd]gI�hx^�N�MOcdy-`OW7knm onqGm MZNxN=U-I¥v�[ÏMZ[²q«MOY-}²Åut1v�U-Weh=W�MZSxMONxPeI�c�y-^�h=WeK�S=I»^�N=MZc�yX`OW�cdI�KXWR`$I�]n^
k�m¶qGm�}|H$U-W�I�h=MZY�MO[E^	`@N=Q-Y�Y�WRN;SVMOI�[£]gI�h°^�knmÐo�q�m¶c�^	SVWeh=Mb^	`¢vT^	N°SVUXW�k�WRQ-N�`OWRh/a&`ZMO��W�·fQ-MO[�S=MO[E^�h;�\I�h�K-WRh�WRK
^�`Z`OI¥�7Ñ�Ò�m£[-q�WeÓ�Ô�wEÒVo°NR}OÄÆÉX³eÈ�Õ°[X]gI�h�SVQX[E^	SVWe`Z��t@K-Q-W_S=I�SVU-WLPeI�c�yX`OW�¬�M�S&��^	[-K�MO[�SVh�MOP{^	Pe��I�]�SVU-WLQX[-MZS�PeWR`Z`�t@^	[-K
SVI�SVUXW�MZ[�SVWRh�c�W�S�^�`Z`OMZP�[E^�SVQ-h�W£I�]�SVUXW�PeI�[-N;SVMZS=Q-WR[�S=NRt�S=U-WRh�W£MZNL[-I�WC¬�y�WePeS�^�SVMOI�[²S=UE^	SxSVU-W7I�h�K-WRh�WRK�z�Weh=N=MZI�[
I�]5SVU-MZN�ci^�SVWRh�Mb^�` P{^�[�^�P�SVQE^	`O`Z�£w|Wdh�W{^�`ZMO�eWRK�MO[�S=U-Wx`b^�w|I�hV^�SVI�h;�ªj�^�P�U-MZWezuMO[-Y7Y�IuIuK�I�h=K-Weh�MO[�c_Q-P�U�N=MZc�y-`ZWRh
N��uN;SVWRcdN�MON�I�]¾SVWe[�KXMZÖdPRQ-`�S�SVI£^�P�U-MZWez�W¥r�}d¤�S�c_Q-N;S�w|Wxh=WePRI�Y�[XMO�RWeK�S=UE^	S�^\SVh=QXW�^	[fS=MZ]gWeh=h=I�ci^�Y�[-WeS=MOP£×=���E�¢Ø��
]gQ-`�~E`O`ESVUXW�h=We·uQXMOh=Wec�We[�SVN$I�]+w|WRMZ[-Y_UE^�`�]ba&cdWeSV^�`O`ZMOP�}±¤&[7^�SVh=QXW�o�qGm�t�SVUXW�wE^�[-KXN�]gI�h�WR^�P�U7N=y-MZ[�K-MZh=WRP�SVMZI�[\^�h�W
WR·fQ-M�z	^�`OWe[fSRtXw���N��uc�cdWeS=h���t�w-Q�STSVU-W°wE^�[-KXNTP{^�[X[-I�S$w|WnWe·uQXMZz	^�`OWe[�STMO[i^_k�mÙonqGm�tuw�WeP{^�QXN=W�I�[-W°K-MOh�WRP�SVMOI�[
UE^�N�^7Y�^�y@t ^�[-K�SVU-WdI�S=U-WRh�K-IuWRN�[-I�S{t ^	S�SVUXWiqEWRh�c�M«`OWez�WR`l}iH$U-W�N=MOcdy-`ZWRN�S�v�^{��SVI£^�P�U-MOW�z�WdSVU-Wxh=We·fQ-MOh�WRK
N�SV^	SVWxI�]1^	¡¢^�MZh=Nn]gI�h�^7knmÚonqGmÚMONnS=I�U-^¥z�Wi^�QX[-MZS�PeWR`O` v�MZSVU�S&v1IªÛ�� Ü�Ý�ÞVÝ��E� ci^�Y�[-WeS=MOP_MZI�[-NRt±MZI�[-Nnv�UXMOP�U
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