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�Li-Mn dumbbell�

-- Oxygen -- Mn
-- octahedral vacancy

-- Li
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j�k BDl_Hnm k HnlDB_m k BDE�opBDqFr�s5oJqatFHum�qvm�HTm�G�w k H(xyG�wVl�s�B_m�H(szm k wVmJ{NH2|TqFoJH~}Fwv�1q+s�B_m�BDqFr�s5qF�
s���B_r�H2l�

�Qr~m k B�s���wF�1H2G2� j H,wVG-CFE�H��y{�wFs�H2xuqFrnm k H,G�H(s�E�lem�s�qV�
��G�s�m���G-BDr�|�BD��lDH2s�|TwFlD|TE�l�wam�BDqFr1sT�
m k wVm�m k H�m-G-wFr�s���q�G�o�wVm�BDqFr���G-qFo�lDw���HTG-H2x��'BD�F��rN����m�q�s���BDr�HTl_��lDBD�FH�o�wam�H2G�B�wVlY��G-qy|�H2H2x�s
B_r�m j q�s�m-wFCFH(sT�~�Qr�m k H���G�s�mzs�m�wVC�HF� j�k B�| k q\|2|�E�G�s j�k HTr�m k H�o�wam-HTG-BDwFl&B�s���wFG�m-BDwFl_lD�
xyHTlDB_m k B�wam-H2x��:w~��G�wF|�m�BDqFr�qV�^m k Hu��r�BDqFr�s�B_r�l�w��FH2G�H(x��gB��F��rN����G-wF��BDx�l_�vo5BDCFG�wam-HJm�q
wFx���w�|�H2r�m m-H�m�G�w k H2xyG�wVlys�Bem-H2s BDr�m k H�l_B_m k B_E�o¡��l�wVr�H(sT�
¢ k BDs B�s8w�|T|�q�oJ��wVr�BDH2x�{\�,G�q�E�C k lD�
wVr~H2£+E�wFl'wVoJq�E�r+m�qV� l_B_m k BDE�o¤B_q�r�s�H2r�m-HTG-B_r�Czm-H�m-G-w k H2xyG�wVl�s�B_m�H(s�qFrnm k H,qF���Nq�s�Bem-H�s�B�xyH
qV�gm k H�q\|�m-w k H2xyG�wVl1tawF|TwFr�|�BDH2s�lDH��¥m�{1H k BDr�x�{\�Jm k H¦oJBDCFG�wam�BDr�C5��rg� §vH�G-H���HTG�m�qzm�HTm�G�wa�
k H2x�G-wFl_lD�5|Tq\qFG�xyB_r1wam�H(x��gB�wVr1x���r��¨w�|�BDr�C�H(wF| k qVm k HTG^wF|TG�q+s�s&wVr�qy|�m�w k H(xyG�wVl�taw�|TwVr1|��
B_r©m k H5��r©��l�wVr�HzwFsªw¬«��'Be�Q��r©xyE�oz{�{NHTlDlDuA�BDC���IF�ª¢ k HzwF|�m�BDtawam�BDqFr�{1wVG-G�BDHTG���q�G¦��r
oJqat+BDr�C�m-H�m-G-w k H2xyG�wVl�®&BDr�|�lDE�xyBDr�C�m k HzHTr�H2G�C�����qFG��gB xyB�s�q�G-x�HTG�r�H2H2xyH(x~m�qnwF|2|�qFoJoJqV�
x�wam-H�m�H�m-G-w k H2x�G-wFlY�©r�¯�B�s�|TwFlD|TE�l�wam�H(x�m-q�{1H,£+E�B_m�H,lDq j ®^°²±�� ³JHT´µ¯^wFr�x�B�s�wFs-s�BDs�m�H(x
{\��wJ| k wVG-CFHT��xyB�s���G�q��1q�G�m-B_q�r�wam-B_q�r�G�H(wF|�m�BDqFr�m-q j�k B�| k ��r1¶�·¸B�s^��G�q�r�H�¹eI�I�º�K

»F¼ ·g¶½-¾�¿^À ¼ · �¿¨Á�¿ªÂ ¼ ·�Ã½-¾�¿ ®�I(¯
�Qr�m k H�s�H2|�q�r�x�s�m-wFCFH�qV�
m k H�l�w��FH2G�H(x�m�q�s���BDr�HTlYm-G-wFr�s���q�G�o�wVm�BDqFrg��m k H�m-H�m-G-w k H2xyG�wVl���r
B_q�r�s8wFr�xzm k H�G-HTo�wVBDr�BDr�C,qy|�m�w k H(xyG-wFl��gB�BDqFr1s:�1H2G���q�G�oÄw,|�q\qFG�xyBDr�wam-H2xzG�H(wVG-G-wFr�CFH2oJHTr+m
m�qn��qFG-oÅm k HJ��r�wFl8s���B_r�H2l8� k w�s�H���Æ+m-wFCFH » BDs,��G�H(xyBD|�m�H(x©m-q�{1H�s�l_q j HTG¦m k wVr�s�m�wVC�HnI
xyE�H�m-q5B_m2Ç s�|TqFoJ��lDH�ÈyBem��uwVr�x k BDC k H2G�wF|�m-B_tawVm�BDqFr~{�wVG-G-B_H2G-s2�

¢ k HnwF{1qat�H���B�|�m-E�G-H���q�G�m k H~lDw���HTG-H2xÉm�q�s���B_r�HTl4m�G�wVr�s���qFG-o�wam-B_q�r�BDsJxyG�w j r���G-qFo
xyHTr1s�B_m��©��E�r1|�m�BDqFr1wVl:m k HTq�G���|2wVl�|�E�l�wam-B_q�r�s j Bem k BDr�m k H�C�HTr�H2G-wFl_BDÊTH(x�C�G-w�xyB_H2r+m�wF����G-q�È+�
B_o�wVm�BDqFrÉE�s�BDr�C~E�l_m�G�wa�Qs�qF�¥m,��s�H2E�xyq��1qFm�HTr+m-BDwFlDs,w�s�B_oJ��lDHToJHTr+m-H2xÉB_r�´ Ë¦ÆyÌÍ¹_I » º j�k BD| k
k wFs4{NHTH2rns k q j r�m-qzC�B_t�H¦C�q\q\x�G�H(s�E�lem�s�BDrum k H(s�H�s��ys�m�H2oJs�¹_I2Î�º��8¢�G-wFr�s�B_m�BDqFrns�m�wam-H2s���qFG
B_q�ruoJBDCFG�wam-B_q�r j HTG-H,|TwVl�|�E�lDwVm�H2xuBDrn�NHTG-BDq\x�BD|,s�E��NHTG�|�HTlDl�s j Bem k H2Bem k HTG�I » qFG�Î » ��G�BDoJBe�
m�BDtFH��'BD���v����®¨±�Ï¸Ð�ÏÑI(¯4E�r�Bem�|�HTlDl�sT�&Ë »5Ò~»JÒ�» qFG,I Ò I Ò I��+���NqFBDr+m�o5H(s k~j wFs
E�s�H2x���q�G,|TwVl�|�E�lDwVm�BDqFr�s�BDr©m k H5l�wVG-CFH5s�E��1H2G-|THTlDlDs�wVr1x�wu³ Ò ³ Ò ³n�����NqFBDr�m�oJH2s k�j wFs
E�s�H2xÉ��qFGz|TwVl�|�E�lDwVm�BDqFr�s,BDr¬|THTlDlDs j B_m k w��gB��F� Ã ��Ó©®¨±�ÏÄÐÔÏh³+¯���qFG-o�E�l�w~E�r�B_m2���Qq�r
��qFG-o�wVl�tawVlDHTr�|TH j w�s�xyH�m-HTG-o5BDr�H(x�{\��BDr+m�H2CFG�wam�BDqFruqV� | k wVG-CFH�wVr�x~s���BDrnxyH2r�s�Bem-B_H(sT�
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spinel 16d
like octahedra
in Li plane

�SPINEL NUCLEUS�

(111) M plane

(111) Li plane

(111) O plane

-- diffused M
-- stationary M -- M vacancy

-- Oxygen
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