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|^1�5�n�{XÚïÄ
ØÓAC�ªé LiMnO2 Ú Li2MnO3 ÑÑ>Ø�K�, ïá
ÑÑ>Ø�
�5~ê9AC�m�'X. uy¤kACéÑÑ>ØÑ´ü$�, �AC�A´��É5�. �Ü©�ü¶A
C 5%�éÑÑ>Ø�ü$Ñ�u 0.1 V. du�G�>4á��m��Ü�^�f, �Éø��/¤��� K�
��, �l��øÑ��, R�u����ACéÑÑ>ØK���; 
é Li2MnO3 XÚlLÞ7á�¥ø��, ²
1u��ACéÑÑ>ØK���. Li2MnO3 �e| ��G�MNX¥, AC¦p>Ø¿>�ã�>Ø�±3�
ä>Ø�e, ¿�mLÞ7á�¥��[£Ï�, �)��±È�¿>
�U¼����¿>Nþ.

'�c: ÑÑ>Ø, AC, �5~ê, Li2MnO3

PACS: 31.15.es, 62.20.de, 82.45.Fk, 82.47.Aa

1 Ú ó

�lf>³���«�þ�!Uþ�Ýp�
>zÆUþ;�XÚ, ÙUþ�Ý (> 150 W·h/kg)

� p u D Ú � q 6 > ³ 9 Y � > ³ � U þ �
Ý (< 50 W·h/kg), 
�S�FÈ, 3>f!>Äð
��+�äk­��A^cµ [1−3]. 8c�~��
�lf>³�4á��)�G� LiMO2(M = Co,

Ni, Mn �), k¬�(�� LiM2O4(M = Mn, Ti �)

Ú¾��(�� LiMPO4(M = Fe, Mn, Co �), ±
9�'��Má�. Ù¥, ¹���G Li2MnO3 �
e| /¤��G�MN, =äkB���(�
� xLi2MnO3 · (1 − x)LiMO2(M = Mn, Ni, Co �),

�@�´�äû�cµ��4á� [4−6].

ÃØ´���õ¬�>4á��´�MNá
�, ½ö��>³¥��á�, AåÚACo´�
3�. 3�¬���L§¥, zÆ|©���±9
)��¸CzÑ�U3á�SÜp�AåÚAC;

3¿�>L§¥�X�¹þ�Cz>³á��A
�NÈCz�¬Ú\AC, K�á����5U.

3�X�G�MNX¥, �þ��Ú¬.9SÜ"
���3, ±9¿�>L§¥���NÈCzé�
C��E¤wÍ�AC [4−6]; â��, ²LØÓ\
Ø?n�>4á��5U»É [7,8]; 
AC�¸Ø
Ó�ü« LiFePO4 �4á��ÑÑ>Ø¬�kØ
Ó [9]. ��>³á�duSÜAC�{ü, ���
ïÄAC�A�ûÐ1N, �^5½þL�¿�>
L§¥� AC��� [10]. Cc5, ®²k<5¿
��lf>4á�ACéÑÑ>Ø�K�, ¿�d
5�O�'ì� [11].

ù
'uACé>³5U�ïÄ, ½ö�´½
5L�>4á�5UÚAC�'X, ½ö´{ü
�\ØïÄ�¬¿�>�Cz, AC½öAåé
>³á�5UAO´ÑÑ>Ø�K�XÛ, �8
�vk½þïÄ(J��, �vkØÓAC�ª
é>³á�5UK��XÚ?Ø. �©± LiMnO2

Ú Li2MnO3 ü«�G�4á��~, |^1�5
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�n>f(�O�, XÚïÄØÓAC�ªéÑÑ
>Ø�K�. O��{0��1 2 Ü©, Ì�(J
�1 3 Ü©, 1 4 Ü©?ØACé>4á�5U�
K�Å�, ¿}Á?ØAC3 Li2MnO3 �e| �
�X�G�MNá�¥���Äg¿>Nþ¥�
�^.

2 nØ�.�O��{

2.1 nnnØØØ���...

�©Äu1�5�n>f(�O���{ï
ÄØÓACé LiMnO2 Ú Li2MnO3 ü«�lf>
³á�ÑÑ>Ø�K�. �Ä���¹þ� x2 �
NX Lix2A, i\ (x1 − x2) ���A�

Lix2A + (x1 − x2)Li = Lix1A, (1)

Ø�3AC�, ÑÑ>Ø� [12−14]

V = −
ELix1A − ELix2A − (x1 − x2)ELi

(x1 − x2)F
, (2)

Ù¥ F �{.1~ê, ELix1A, ELi ©O� LixA z
ÜÔÚ�7á�1�5�nO�oU.

éu�3AC�¿�>L§, Lix2A ?u�½
�\1G�, ~X3,¬¶��\1��.�A
C ei , �X�A (1) �?1dAC¬k¤Cz, �
��A�¤3 Lix1A þ�ACC� ej ; du�3
���AL§¥´±lf��3, �3K4NC
â(¬�7á�, @��4�ACé�7ávkK
�. �AC�� (< 5%) � (2) ªE,·^, ò (2) ª
¥� ELix2A 9 ELix1A ©O^ÙACG�e�o
U E′

Lix2A 9 E′
Lix1A �O, =���ACe��4

á��ÑÑ>Ø.

��AC��á�ÑÑ>Ø��5~ê�m
�3)Û'é. 3�5C/�, NX�oUþ�L
�� [15−17]

E = E0 +
1
2
Ω0

∑
ij

(Cijeiej), (3)

Ù¥ E0 �AC�"��XÚoU, Cij ´éAA
C ei Ú ej ��5~ê, Ω0 ´AC�"��NÈ.

(Ü (2) Ú (3) ª, �3AC��ÑÑ>Øúª:

V = V0 +
1
2

∑
ij

(Ω′
0C

′
ije

′
ie

′
j − Ω0Cijeiej), (4)

Ù¥ V0 ´AC�"��ÑÑ>Ø, =·�ÑÑ>
Ø�, Ω0 Ú Ω′

0 ©O´�\AC� x1 Ú x2 �¹þ
NX�NÈ. þI “′” L«ACG�ëê.

nØþ`, (4) ª¥�9�¿�>c��AC
´Ø���. ¢SO��, æ^¦�U���¹þ
�Cz, �±��, e(x2) = e(x1 + ∆x) ≈ e(x1). ¤
±AC�3��ÑÑ>Øúª (4) =�{z�

V = V0 +
1
2

∑
ij

(Ω′
0C

′
ij − Ω0Cij)eiej . (5)

ù�, �ì (5) ªÏL�5~ê�O�=��ÑÑ
Ñ>Ø�AC�Cz. (5) ª´�5Cqe�>Ø
Cz, éu�3��5AC��¹, I��â (2) ª
°(O�. ��5`, du�lfá�¿�>L§
¥�NÈCzØ¬��, ÙAC�Ñ�u 5%[11,14],

nØþ�±Cq@�NX�AC�±3�5��
S, �Ò´` (5) ªAT·^u�õêá�NX, ù
�·��¡�O�(J´�Î�.

�Ä� LiMnO2 � Li2MnO3 þ��Gá�, �
©Ì�?ØR�u�e��.�AC!²1u�
�.�Ú�C�AC�ª (�ã 1(b)—(e)). éu�
�Ó5��·Ø, ©O3n���\1�Ó�� e

� ei, ej Ú ek, Ù>Ø�

V =V0 +
1
2
[Ω′

0(C
′
ii + 2C ′

ij + C ′
jj + 2C ′

jk

+ C ′
kk + 2C ′

ik) − Ω0(Cii + 2Cij + Cjj

+ 2Cjk + Ckk + 2Cik)]e2. (6)

e´�S���Ó5.�AC, ©O3�¡Sé¡
�ü���\1�Ó�� e �AC ei Ú ej , KÙ>
Ø�

V =V0 +
1
2
[Ω′

0(C
′
ii + 2C ′

ij + C ′
jj)

− Ω0(Cii + 2Cij + Cjj)]e2; (7)

3ü¶AC ek eÑÑ>Øúª (5) {z�

V = V0 +
1
2
(Ω′

0C
′
kk − Ω0Ckk)e2

k. (8)

d (8) ª�±wÑ, du�þø����(�
Czé�, ÑÑ>ØCzÌ�û½uø�Úå��
5~ê�Cz. ��5`, duø����� �
�), Ï~¬���5~ê~�, ¤±AC�AÏ
~~��4á��ÑÑ>Ø, ù��¡Äu�5~
ê)Û�(J9ý¢�O�(J´���.
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ã 1 (a) LiMnO2 �G(�, ã¥IPÑÙ~^¬�±9 MnO6 l¡N, ã¥�ÞIP�´Ù~^¬�� [103] Ú [010] ��;

(b) ÷ [010] ���ü¶.�; (c) ÷ [103] ���ü¶.�; (d) �¡S���Ó5.�; (e) ²1u�¡÷ [100] ����C

2.2 OOO������{{{

�©æ ^ Ä u � Ý � ¼ n Ø (density func-

tional theory, DFT)[18,19] �1�5�n§S VASP

(vienna ab-initio simulation package)[20] O��N
X�oUÚ�5~ê. æ^ PAW (projector aug-

mented wave) �{ [21], ��'é�¼æ^2ÂF
ÝCq (generalized gradient approximation, GGA) ¥
� PBE (Perdew-Burke-Ernerholf) �¼ [22,23]; é Mn

LÞ7á� 3d >fæ^ GGA+U Cq [24,25], �
� Mn 3d >f� U �� 5.0[13,14,26], ¿�Ä
g
^4zO�. O������â¢�¬�ëêÀ
^Ü·��� [27,28], ¦øK�����¹þ�C
zé� (< 0.1 z©f). LiMnO2 NX�ü���
G(� (�ã 1(a)), ��f±�æÈ�ª�Gü�,

�Ú��OÓâ��m�l¡N�Y, /¤�O
©Ù�LÞ7á�Ú��; Li2MnO3 XÚ�(�
Ú LiMnO2 NX�aq, �ÙLÞ7á�¥��f
�Ü©�lf± 1:2 �'~��, /¤
±��¥
%��f±8��ü��(�. ��±Óâ��l
¡N � (IP� A), ��±ÓâLÞ7á�l¡
N � (IP� B).

AC\1ÏLUC��/G��{¢y. X
÷ [010] �� (~^¬�½�, eÓ) �ü¶.�A

C, Ò´òÃAC�¬�� [010] ¬�ëêUC, Ù
¦���¬�ëêØC, Xã 1(b); ÏLUC¬�
¥þ����{\1�T¬�¥þR��¡þ�
�C, X�¡S÷ [100] ����C, Ò´ò��¡
R�� [103] ����¥� [100] �� £�½�
Ý, Ù¦¬�ëêØC, Xã 1(e) ¤«; EÜAC
Ì�´��Ó5·ØÚ�S��Ó5.�ü«, X
��Ó5·Ø��´3n��¥��Ó�\1�
Ó���AC, 
�S��Ó5.�´�3²1u
�¡�ü��¥��Ó�\1�Ó���AC, X
ã 1(d). ù�, Äkëì¢�¬�ëê�ïÐ©O
�¬�, �ìþ¡¤ã�O�ëê��5µþ¬�,

¿�â (2) ª5O�vkAC��>Ø; 
éuk
AC�>Ø�O�, ÏLþ¡¤ã\AC��{3
µþÐ�(�þ\1ØÓ���AC, ��µþl
f5[Ü�5~ê, 2�â (5) ª5O�kAC�
>Ø.

3 ( J

LiMnO2 � Li2MnO3 NXO�¬�~ê�¢
�¬�ëê�Ø�3 1%—2%�m. ü�NXø
�Úå�¬�Cz��u 1%. ü�NX�O�
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�5~ê3L 1 ¥�Ñ, ��¹
eZNX3÷
W�ÚøK������5~ê. Ï� LiMnO2

� Li2MnO3 XÚ��5~ê¢�(J"y, d?
O�
 MnO ±9k¬� LiMn2O4 ��5~ê±
��'� [29−31]. �±wÑ, �5~ê�O�(J
�¢�(JÄ���, `²·��O�(J´��

�. ü«NX��\AC�>Ø��â (2) ª�Ñ,

LiMnO2 NX�O�(J� 3.60 V, �¢�� 3.5 V

�C; Li2MnO3 NX�O��� 4.57 V, �¢�
�� 4.50 V �C. Koyama �QO�
 Li2MnO3

� > Ø �� 4.56—4.61 V[26], � � �©( J
�C.

L 1 LiMnO2 Ú Li2MnO3 �NX��5~ê9N�þ (ü  GPa)

NX B C11 C12 C22 C33

Li 14.37 13.59

(14.54a)) (12.04a))

MnO 235.15 111.91

(230.45b)) (117.55b))

LiMn2O4 118.02

(111.20c))

LiMnO2 86.68 164.43 42.14 299.53 162.12

Li0.917MnO2 80.09 147.00 46.28 277.54 138.23

Li2MnO3 143.02 225.50 36.03 225.86 184.73

Li1.917MnO3 136.15 210.46 38.28 215.29 157.91

5: )ÒS´¢�ë��a)Ref. [29]; b)Ref. [30]; c)Ref. [31]

éu LiMnO2 XÚ, Ì�?Ø
 [100], [010]

9 [110] ���þ�.�AC!�S÷ [100] ��
��C�ª!�S���Ó5.�AC9��Ó
5��·ØéÑÑ>Ø�K�. ã 2 ¥Ó��Ñ

Ü©d�5~ê)Û(JÚ�â (2) ª�ý¢
O�(J�'�. �5~ê)Û(J�ý¢O�
�(JÎÜ��Ð, �Ó�3��AC� l¬
�5��. �AC�ª� 5%�éÑÑ>Øü$�
�3L 2 ¥. ¤k�AC�ªéÑÑ>ØÑ´ü
$�, ��ACéÑÑ>Ø�ü$��É. ��Ó
5��·ØéÑÑ>Øü$´�õ�, ¦ÑÑ>
Øü$ 0.19 V; 
Ù¦ü¶ACéÑÑ>Ø�ü$
Ñ3 0.1 V ±S, ü$���´�S÷ [100] ��
��C�ª, Ø� 0.01 V. 5¿�÷ [103] ���.
��ª, éÑÑ>Ø�ü$'Ù¦��ü¶.�

�Ñ�.

ã 2 LiMnO2 XÚÑÑ>Ø�AC�Cz, Ù¥¢��^
�5~ê)Û�(J, �ÓôÚ�Ñ:�Ó�AC�ªe
�ý¢O�(J

183101-4
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L 2 AC 5%� LiMnO2 NXÑÑ>Øü$�

AC�ª ÑÑ>Øü$/V

��Ó5�·Ø 0.19

�S���Ó5.� 0.11

÷ [100] ���ü¶.� 0.06

÷ [010] ���ü¶.� 0.08

÷ [110] ���ü¶.� 0.02

÷ [103] ���ü¶.� 0.09

�S÷ [100] ��C < 0.01

ã 3 Li2MnO3 XÚÑÑ>Ø�AC�Cz, Ù¥¢��
^�5~ê)Û�(J, �ÓôÚ�Ñ:�Ó�AC�ª
e�ý¢O�(J

L 3 AC 5%� Li2MnO3 XÚÑÑ>Øü$� (øÑØÓ ���± A, B «©)

AC�ª ÑÑ>Øü$ (A)/V ÑÑ>Øü$ (B)/V

��Ó5�·Ø 0.24 0.17

�S���Ó5.� 0.09 0.19

÷ [100] ���ü¶.� 0.07 0.10

÷ [010] ���ü¶.� 0.05 0.12

÷ [103] ���ü¶.� 0.12 0.03

�¡S÷ [100] ��C 0.03 < 0.01

éu Li2MnO3 XÚ, ©O\1÷ [100], [010]

Ú [103] n����ü¶.�AC±9ü«EÜ
AC, ,	��Ä
�¡S÷ [100] ����Cé
ÑÑ>Ø�K�. Ó��±uy, ¤kACÑ¦Ñ
Ñ>Øü$, ã 3 �Ñ
ý¢O�(JÚ�5~ê
)Û(J�'�, Úc¡ LiMnO2 XÚ�aq, �
XAC�\��OÅìC�. aqu LiMnO2 NX,

��lfl�� (= A �) øÑ�, éÑÑ>ØK
����´��Ó5��·Ø�\1, Ù¥R�u
� [103] ���ü¶.�3ü¶AC�ª¥¦ÑÑ
>Øü$�õ, � 5%AC���� 0.12 V.

4 ? Ø

4.1 AAACCCéééÑÑÑÑÑÑ>>>ØØØCCCzzz���KKK���555ÆÆÆ

du LiMnO2 Ú Li2MnO3 ùü�NX3(�
þ'�aq, Ñ´�G(���m�Ü�^�f,

¤± C33 ' C11 Ú C22 Ñ�. Li2MnO3 NX¥��
O�LÞ7á�¥��, LÞ7á�/¤
��8
��Gü�(�, TNX3 [100] Ú [010] ü���
(�é¡
¦ C11 Ú C22 ��. LiMnO2 NXKØ
Ó, Ù�5~ê C22 ' C11 �éõ. e´l [010] w
�, LiMnO2 (�¥¤k�fÑ u (011̄) 9Ù²1
�¬¡þ, Mn—O �3T¬¡S±ç¸G÷ [010]

��ü�, ¡S��fÚ��¡���fål�
� (2.31 Å), J±/¤�r��Ü�^. @o [011̄]

� [103] ��aq, ÙR����fü�äk�G
A:, ¦� [100] 9 [103] ����Ü�^�f, @
o�5~ê C11 ��5~ê C33 3ê�þ�aq;


÷X [010] ���ç¸G¤1ü�� Mn—O �
¦�T��k���(ÜrÝ, K C22 �5~ê
' C11 �éõ.

3üNXø������, Ù�5~ê��´
ü$� (�L 1), ù´duø��/¤��� ¬
¦(�­½5C� [32]; 
ø�Úå�NÈCzé

183101-5
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� (·��O�(JL²NÈCz�u 0.5%) ¤±
XÚ3AC�¹e�ÑÑ>Ø´ü$� (� (5) ª).

ØÓ�´ C12 �5~ê, 3øK���� LiMnO2

XÚ� C12 ,p
�� 4 GPa, 
 Li2MnO3 NX�
�� 2 GPa, ù�U´du�� NC�Aå8¥
¦ [100] Ú [010] ü���5�A�éX\r; ù�
�S��Ó5.�ACéÑÑ>Ø�ü$, '�S
ü�ü¶.�üÕ\1�éÑÑ>Ø�ü$�Ú
�� (�L 2 ÚL 3).

éu Li2MnO3 NX, Koyama �ÏLnØO�
@� A Ú B  ��Ñ�øÑ, 
�ÄkøÑ´ A

 ���, ��� B  ��� [26]. 3 Li2MnO3 �
e| ��X�G�MNX¥, ¢�þ@� B �
�ë�
Äg¿>L§, Ù¥ Wu Ú Liu �@�, B

 ��3p>Ø�ã��>L§¥¬�[���
��� þ, ,�2øÑ [33,34]. ²O�øÑ B  
���zÆ³��3 4.75 V, 'øÑ A ���z
Æ³p�� 0.18 eV.

�lføÑ�J´��lf±�³^��
�9¤É�^å�rf'X��. �LÞ7á�
¥�LÞ7á��lfO��, X3 Li2MnO3 �
�¹, �e�¤���{K>Ö¬Oõ, E¤�
m�¥Õ�^å�O�, ��øÑ¬�(J, ù
� Li2MnO3 �ÑÑ>Ø�¬' LiMnO2 ���. Ó
�, du��>Öþ�·>�^ÉålCz�K
���, Li2MnO3 NX�m�·>�^ÉAC�
K�¬' LiMnO2 NX��, ÏdÙÑÑ>ØÉA
C (AO´ [103] AC) K�' LiMnO2 XÚ��.

O�(JL², ÷ [103] �ü¶AC�ª, éÑ
Ñ>Ø�ü$'Ù¦��ü¶.��Ñ�, ù´�
G�4>4á�l��ø��A:. du�G>4
á��m�(ÜåÉ�� �K���, ¦�R�
u�����5�AÉ�� K���, @oÙ�
5~ê¬ü$�õ. 2�âÑÑ>Øúª (5), ÑÑ
>Ø¬ü$�õ. Li2MnO3 XÚ÷ [103] ���ü
¶.�éÑÑ>Ø�ü$, '÷ [100] ü¶.��
�õ�� 0.04 V, LiMnO2 NX¥ù��å� 0.03 V.

Ó�5¿� LiMnO2 XÚ¥, ÷ [010] ü¶.�é
ÑÑ>Ø�ü$�éõ� 0.08 V, '÷ [103] ü¶
.�� 0.09 V ��
; ùÙ¥��Ï� LiMnO2 X
Ú�(�A:k', Xc¤ã, Ù(�3 (011̄) ¬¡
��Ú (001) ����Ñ´�G�, 
ø��/¤
��� 33T¡S, ²1uT¡��5�A¬É

��K�, @o÷ [010] ü¶.�Ò¬éÑÑ>Ø
�ü$��.

éu Li2MnO3 NX, �l B  �øÑ�, �,
�ACéÑÑ>Ø�,´ü$�, ��¹��Ø�
� (�L 3). ü¶AC¥éÑÑ>Øü$���´
R�u��AC, �ACþ� 5%�÷ [103] .�A
CÙéÑÑ>Ø�ü$= 0.03 V, 
÷Ù¦ü�¬
¶���ü¶.�AC¬�ÑÑ>Ø�5���
Cz, Ù¥÷ [010] ��.��ü$� 0.12 V. Ù¥
��Ïaq, d�ø��/¤��� ´3LÞ7
á�¥, §é²1u���5�AK���, ¤±
²1u��ACéÑÑ>Ø�ü$¬��.

¤±ÃØ´l A  ��´� B  �ø�, Ñ
´ø�� K����5�AéA�AC�ª�
ÑÑ>Ø�5���ü$. ù`²3AC�^e,

(�3ø�L§¥�±åÆ­½5�­�, ù«­
½û½
(�É	.AC�K�, �k;�é��
 ¯a�ACâU¦ÑÑ>Øü$��. â��,

²Lýk\Ø?n� LiCoO2 ½ö�$>4á��
ÏS­�¥�z��¸� �¬k¤ £ [7,8],  
£ÌÝ3 0.10 V ±S, ù�þ?Ú�©�(J´
���.

4.2 Li2MnO3 ���eee|||   ���MMMNNNXXX���NNNþþþÉÉÉ
AAACCCKKK���������UUU555

Li2MnO3 �e| ��MNá�3p§Ó�
¿>^�e, äk���Äg¿>Nþ, Ù¥�Ï
ÿØ�Ù. 3T�MNá�¥äk LiMO2(M =

Mn0.33Co0.33Ni0.33) Ú Li2MnO3 ü«��, ¢�þ
���Äg¿>­�²w©�ü��ã, 1��
ãéAX>Ø < 4.3 V �$>Ø¿>�ã, 1�
�ãéAX>Ø > 4.3 V �¿>�ã [4,32]. Ä
u Johnson ��Ñ� 0.5Li2MnO3 · 0.5LiMO2(M =

Mn0.33Co0.33Ni0.33) ¢�þ�¿�>­� [4], ·�
ò¿�>L§±ã 4 �{ü�.«¿, �Be¡�
?Ø.

l¢�þ�¿>­�5w, T�MNX�p§
ÚÓ�¿>��Nþ5UÌ�
gp>Ø�ã�
²­?1, d�>Ø���±3 4.5 V �m, �>
Ø�XNþ�úO\, ¦�XÚ3����>Ø
�ck���Nþ; 
3¿§Ú��¿>�Çe,

pu 4.5 V �>Ø¬×�,p���>Ø, ¦�p

183101-6
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>Ø�ã�¿>Nþ²wé�. �,$>Ø�ã
�¿>3p§Ó�¿>^�e¿>'���, ¦
� LiMO2 ���)���/C, 
é Li2MnO3 �
��)���AC�¸, ù��¦���p>Ø
�ã>Ø3AC�³��^e,p�ú. �ì©
z [4] ¥�ê� Ca� 80 mA·h/g, Cb� 130 mA·h/g,

Cc � 257 mA·h/g, |^d?�{ü�.�±�â
ùn����AC�^e� Cd �. b� Li2MnO3

��?u 2.5%���Ó5�·ØAC\1G�, A
C��3ép>Ø¿>�ã� (�'ÃAC�) >
Øü$�� 0.07 V, �� Cd � 361 mA·h/g, p>Ø
¿>�ãNþO\ 54 mA·h/g. ��3AåØ´é
���¹e, ACéNþ�O\�´���*�.

ã 4 0.5Li2MnO3 · 0.5LiMO2 (Ù¥ M = Mn0.33Co0.33

Ni0.33) �¿>­��{ü�., Ù¥ 1 �L¿>�4z�ã,

d��k>Øþ,� 3.9 V 
vk�øÑ, =Nþ�"; 2 �
L¿§��¿>�Ç (0.1 mA/cm2) e�$>Ø¿>�ã, �
�>Ø�� 4.3 V, d�NþIP� Ca; 3 �Lp§ (50 ◦C)

Ó�¿>�Ç (0.05 mA/cm2) e�$>Ø¿>�ã, d�N
þIP� Cb; 
 4, 6 ´ 2, 3 �éA�p>Ø¿>�ã, >Ø
���ä>Ø 4.6 V, ���ä>Ø��NþIP� Cc, Cd;

5 �ã²1u�ã 4, @�´bevkAC�p§Ó�¿>�
Çe�p>Ø¿>�ã, ���ä>Ø��NþIP� C′

d

,	, AC´LÞ7á�¥�øÑ�p�Ï�,

�kA½���ACv
��, LÞ7á�¥��
lfâU���¥[£. �â�©�O�(J, �
� 3��� Li2MnO3 NX�Uþ'T�� 3
LÞ7á���$�� 0.18 eV. Ò´`3vkA
C�, LÞ7á�¥����[£39åÆþ´Ø
Uu)�, �,[£�´»éõ. ���S���

Ó5.�AC\1� 6.9%�, �� 3ùü� 
�þ�Uþ´���. �ACþ2��, lUþþ
wT�� ���u3LÞ7á�¥, =�lLÞ
7á�[£���39åÆþC��±u). X
J Li2MnO3 ��?u LiMO2 �����¥, z�
��þüý� LiMO2 ��AC¬� Li2MnO3 �
�\1V��@Ø½.�, ¤± 6.9%�AC�,¬
�U3¢Sá�¥Ñy. �ì�©�O�, �k²
1u�¡�ACâ¬E¤ù«[£�u), T��
�AC¦�LÞ7á�¥�¤3� LiO6 l¡N3
²1u�¡��*Ü, l
k|u�?\��¥�
Tl¡N�¡�o¡N�Y¥. 2lo¡N�Y[
£���¥�l¡N�Y, ù«[£´»3�
�
G>4á�NX¥®²��nØO��|± [36].

[£������±UYë�¿>L§, �@�´
AC�m
LÞ7á�¥��[£Ï�. ù�k�
õ��ë�¿>L§, ¦¿>NþC�.

ù�3p§ÚÓ�¿>^�e, Li2MnO3 ��
3±�Ù¦��AC�^e, Ø�p>Ø¿>�ã
�>Ø�±3�ä>Ø±e
±È¿>, 
�AC
p�LÞ7á�¥����[£, ü�¡��^¦
T�MNXp>Ø�ã�¿>Nþ��. �,Ù¦
�U�Ï�~X.¡!>)���z��±9S
Ü�"��, éÙ¿�>NþkÛ�z�I�?�
Ú�ïÄ.

5 ( Ø

�©ÏL1�5�nO��{ïÄ
ACé
ÑÑ>Ø�K�5Æ, (Jw«AC¬ü$>4á
��ÑÑ>Ø. �
;�ACé>Ø�K�, AT
¦þ;�é�� ¯a�AC�ª. éu�� 3
�m�á�AT¦þ;�R�u��AC; 
��
 3LÞ7á�S�á�AT;�²1u��A
C. du��á��AC�¸  '�{ü, ¤±
)ö@���>4á�¬'õ¬>4á�½ö�
MNá��ÑÑ>Ø�p. ,	3 Li2MnO3 �e
| ��MNNX¥, AC��¡³�p>Ø�ã
�>Ø¯�,p¦¿>òY, ,��¡�mLÞ7
á�¥��[£Ï�, ¦TNXp>Ø�ã¿>N
þC�.
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[21] Blöchl P E 1994 Phys. Rev. B 50 17953

[22] Hua X, Chen X, Goddard W A 1997 Phys. Rev. B 55 16103

[23] Perdew J P, Burke K, Ernzerhof M 1997 Phys. Rev. Lett. 78 1396

[24] Anisimov V I, Zaanen J, Andersen O K 1991 Phys. Rev. B 44 943

[25] Cococcioni M, de Gironcoli S 2005 Phys. Rev. B 71 0351051

[26] Koyama Y, Tanaka I, Nagao M, Kanno R 2009 J. Power Sources

189 798

[27] Armstrong A R, Bruce P G 1996 Nature 381 499

[28] Boulineau A, Croguennec L, Delmas C, Weill F 2010 Solid State

Ionics 180 1652

[29] Felice R A, Trivisonno J, Schuele D E 1977 Phys. Rev. B 16 5173

[30] Pacalo R E, Graham E K 1991 Phys. Chem. Miner. 18 69

[31] Piszora P 2007 Z. Kristallogr. 387

[32] Zhang Y, Lv G H, Dong S H, Wang T M 2006 Acta Phys. Sin. 55
2901 (in Chinese) [ÜL, ½2÷, "�u, �U¬ 2006ÔnÆ
� 55 2901]

[33] Wu Y, Manthiram A 2009 Solid State Ionics 180 50

[34] Liu J, Reeja-Jayan B, Manthiram A 2010 J. Phys. Chem. C 114
9528

[35] Johnson C S, Li N C, Lefief C, Vaughey J T, Thackeray M M 2008

Chem. Mater. 20 6095

[36] Meng Y S, Arroyo-de Dompablo M E 2009 Energ. Environ. Sci.

2 589

183101-8



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 18 (2012) 183101

Strain effect on the intercalation potential of the
layered Mn-contained lithium ion batteries cathode

materials: a first principles method∗
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Abstract

The strain effects on the intercalation potentials of LiMnO2 and Li2MnO3 are investigated by the first principles method, and the

relationship between the intercalation potential and the strain is given in the form of elastic response. All the modes of strain reduce

the intercalation potential and the effect is anisotropic. Most of the single modes reduce the potential by less than 0.1 V when the

strains are 5%. The bonding between the host layers is rather sensitive to the strain perpendicular to the host layer when the lithium

vacancy left by lithium extraction is in the lithium layer, thus that strain brings more reduction to the intercalation potential; whereas

for the Li2MnO3 system when lithium is extracted form the transition metal layer, the strain along the host layer brings more reduction

to the potential. For the Li2MnO3-stabilized LiMO2 (M = Mn, Ni, Co) solid solution system, the strain can keep the voltage of the

high potential charging stage lower than the cut-off voltage, and open up the migrating pathway of lithium in the transition metal layer,

therefore the charging can last a long time and larger charging capacity is achieved.

Keywords: intercalation potential, strain, elastic constant, Li2MnO3
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