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æ^1�5�n�^�³²¡Å�{O�
 Sn3InSb4 �i Li 5U, ���«i Li ��i Li /¤U!nØ
�þ'Nþ!NÈ)äÇ!U�(�!��ÝÚ�©>Ö�Ý�. lUþ�Ý©Û, Li 3i\�, `kÓâ¬��
o¡NmY �, ,�ÅÚ@Ñ?u!: �� Sn �fÚ In �f. 3i Li L§¥, á�LyÑ���NÈ)ä
Ç (11.74%—43.40%), ù´�� Sn3InSb4 �� Li lf>4á�Ì�5U����Ï.��ÝO�L²,NX��
>5UÄk�i Li þ�O\O\, �¤k�mY �� LiW÷, u) Sn �O��A�, L Li�Ü7���>5
�eü.

'�c: Sn3InSb4, 1�5�n, Li lf>³, K4

PACS: 82.47.Aa, 63.20.dk, 71.20.–b

1 Ú ó

Li >K4á�´Jp Li lf>³Uþ9Ì
�Æ·��Ï�, 8cISþ�È4ïÄ�¡
� “1o� Li lf>³K4á�” �Ü7aá�.
Ù¥, 7á Sn �nØ'Nþp� 994 mAh·g−1, 3
¿�>L§¥Ø´/¤ Li {¬, Jp
>³�S
�5, ù´mup5UÜ7a; Li á��Ä:. �
3 Li ��Ei\�øÑL§¥, X Sn �NÈ¬u
)4�Cz, l¦>4Åì�¥®z��, ��
>³Nþ×�P~, LyÑ���Ì�5U [1].

�
�ÑX7á¿�>Ì�Æ·á9Ø�_
Nþ����":, <�=Ï¦��Ü7NX,
±ÏéX Sn �7��U5, ±~�½³�iø Li
��ã�NÈCz, 8c~��Ü7Xk Sn-Ni,
Sn-Co, Sn-Sb, Sn-In, Sn-Cu, Sn-Zn, Sn-Mg �. Sn-Sb
X¥ Sn Ú Sb Ñäk; Li ¹5, � Li �i\Åì
=C� Li3Sb � Li-Sn õ���, � Li �øÑq
#¡E� SnSb �, �^Å�Xe:

1�Ú SnSb+3Li→Li3Sb+Sn

1�Ú Sn+xLi→LixSn (0< x 64.4)

>zÆ�A¥, Li �øi±Å?�ª?1, �
�A�å��À�A�¤�)Aå��^, ù3�
½§ÝþJp
>4�Ì�½5, Ïd3¯õÜ
7a¥, Sn-Sb X�É'5 [2,3]. �3��m¿�>
Ì�¥, Sn-Sb Ü7��3Ì�½5�ÚNþP
~�¯K, ù4���
TaK4á��¢^zÚ
û�z, I�?�ÚéÙ?1U5, ù®¤��c
:I)û�'�¯K.

8c, <�é Sn-Sb á�3(��OÚ���
¡Ý\
�þ�ïÄó�, Ì�k±en«å».

1) ~�á�º�. duB��â�NÈCz�
é���, �)�Å�Aå�, á�3Ì�L§¥
(�Ø�;���»�. �¬âº�C��k|
u Li lf3Ü7¥�*Ñ. Winter Ú Besenhard[4]

��
 300 nm � Sn0.88Sb Ü7�â, Ì� 200 g
�±�± 95%�Nþ. Yang � [5] Ú Wachtler � [6]

é Sn-Sb �ïÄ�L², �âf�>4á�LyÑ
�p�Ì�5U, �â»�u 300 nm �, 200 gÌ
��NþE��� 360 mAh·g−1. ©z [7] æ^�
��{��
B�? SnSb�â, ¿² 80 ◦C Yú�
�?n, ïÄL²,ÏL~�á��âº�, �Uõ
>4�Ì�5U, ��> �½3 0.02—0.9 V «

* I[g,�ÆÄ7 (1OÒ: 51101062)!2À�p�`D�cM#<â���8 —- �¢ó§ (1OÒ: C10179) Ú2²½�E�8 (1
OÒ: 11C52090680) ]Ï��K.
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m�, ¿�>Ì� 20 g�NþE� 400 mAh·g−1.

2) �O “Ü7 -%” EÜNX. duB�á�ä
k��'L¡ÈÚp�L¡U, 3>³Ì�L§¥
>4á�´ìà��¿)¤Lþ� SEI (solid elec-
trolyte interface) �, >³5U¬���z.ÏLòB
�Ü7�%á�EÜ, |^%á�Ì�½5p!
�>5Ð�A:, ¦Ü7�âþ!©Ñ, Qu�B
�Ü7; Li �`³, q;��â�ìày�, �k
�J,K4á��nÜ5U.©z [8] ± MCMB(¥
m�%�¥) ��e, 3ÙL¡�È SnSb B��
â, /¤EÜ(�, du SnSb �â©Ñ3 MCMB
L¡, ~�
Ü7�â3 Li iøL§¥�ìà
y�, läkûÐ�Ì�5U, �_Nþ� 420
mAh·g−1. ©z [9] ò SnSb Ü7¹S3M%¥�L
¡, ³�
B�Ü7�â�àÜ, EÜá���_
Nþ� 480 mAh·g−1. Park � [10] ��
 SnSb �
â (<50 nm) ¹S%B�+� SnSb-CNTs EÜá
�, du CNTs �±{�¿�>� SnSb �â�ì
ày�, ¿Uå�D�>fÚ�À��NÈ�A�
�^,NX3½Ì� 50 g�, E�±�p� 480
mAh·g−1 �_Nþ. Hassoun � [11] ^ “v� - �
(” ��ª��
 SnSb-C á�, X ��û�ÿÁL
²,NX¥ Sn, SnSb 9 SnO2 �â�²þ¬âº�
©O� 40, 39.5 Ú 9.6 nm, du�ºÝ(�~�

NÈ�A, 3>6�Ý� 100 mA·cm−1·g−1, >Ø
3 0.01—2 V �, ¿�>Ì� 100 g, ØÄgNþP
~��	, Ù{þLyÑp�Ì�½5.

3) �ï “¹5/�¹5” Ü7NX. ¹5��¹
5Ô��O�Ñ©Ù, �ö��À�AL§¥�N
È)ä, �)>4á�(��Cz, l�±á�
�(�½5. ©z [12] ^���ÚYú��?n
��{Ü¤
 SnSbCux Ü7®", �X Cu ¹þ�
O\, Ü7�âº�~�, ¿Ñy Cu6Sn5 Ú Cu2Sb
�. ïÄL², �º�(�!V\�¹5|�9õ
Úiø Li L§, ´UõNX(�½5!Jp>
4Ì�5U�Ì�Ï�. SnSbCu0.5 Ü7² 20 gÌ
��, NþE�±3 490 mAh·g−1. Tabuchi � [13]

æ^>�ÈEâÜ¤
n� Sn-Sb-Co Ü7��,
Äg�>Nþ� 380 mAh·g−1, 10 gÌ��, Nþ
Åìþ,� 580 mAh·g−1. dudNX3¿�>
Ì�¥U/¤�NÈ�A� Li3Sb �, �V\��
¹5|� Co {�
�Yi Li � Sn �ìày�,
Sn-Sb-Co Ü7LyÑ'�� Sn-Co, Sn-Sb �`�
�Ì�5U.

î8��, <�é��Ü7K4á�3(�

½5ÚÌ�½5�¡mÐ
�þ�ïÄó�, �
ÙnÜ5U�,J±��ýÏ�J. �¢�5
J, Sn ÄÜ7�i Li 5U, ÄkAnØþ`zç
ÀÜ7X�Ô�(�, XÏL�,Ù¦��, �O
i Li /¤U$Ú)äXê��Ü7� [14]; Ùgn
Üo��«U5���{, ±¼�nÜ5U`É�
EÜ>4á�.

8c, DÚïÄõ±¢�Ä:�Ì, duá
�NX�õ�5ÚÜ¤ó²�Ø(½5, ³7¬�
�Ø7��E�L¤. u´Ï¦�«nØO��
{, QUé®k¢�?1)º, qUÜnýÿ>4
á��>zÆ5UÚCzª³, ?éÑ�
ÊH
55Æ, w�c��.

Äu�Ý�¼nØ�1�5�nO�´©
Ûá�>f(�95U�kåóä. @Ï, Ceder
� [15] 35Nature6þ��
 LiAlO2, LiCoO2 �
i Li 5U��'O�, ù�nØýÿ Li lf>
³>4á��5UJø
#g´. Courtney � [16]

O�
 Li-Sn �ã¥õ«i Li ��oU, ¿í�

 Li-Sn K4á��>ØÓ+�, �¢�(J�
ÎÜ. Kganyago Ú Ngoepe[17] æ^²¡Å�³{
é LiC6 �AÛ(�Ú>f5�?1O�ïÄ, l
>Ö�Ý©Ù!©Å��ÝÚU�(��õ��
¡�«
 Li i\�$�>Ö�=£L§.

Cc5, 1�5�nO�{3©Û Li >�!
K4á��>zÆ5U�¡��
2�A^, �
)º�
¢�y�Jø
nØ�â. Hou � [18]

©Û
 Ni3Sn �i Li 5U, O�uy, TÔ�ä
k�²�i Li > , �ÙNÈ)äÇwÍ, �
�� 108.1706%, Ïd3¢S���¥Aî��
�Ù¹þ. Ouyang � [19] O�
 LiδFePO4(δ = 1,
0.5, 0) � i Li 5 U, ( J L ², ÷ X a, b ¶ �
Ï� $ Ä � Li l f * Ñ ³ ^ � ' ÷ c ¶ p N
õ, n«(�þLyÑ��lfÑ$�A5. Shi
� [20,21] ïÄ
 LiFePO4 �>f(�, ÙÀ�k
�>ÖÜþLyÑ��É5�A�, ù�(Ø|
±
3 LiFePO4 ¥ Li lf��*Ñ�Ø:. �
,7álf�Uõ LiFePO4 �>zÆ5U, Li  
�,�, dupd7álf{l
 Li lf��
�*ÑÏ�, ¿ØU¢�5JpÙnÜ>zÆ5
U [22];  Fe �,LyÑ�p�Ì�½5, ©
z [23] ¢�Ü¤
 LiFe0.9M0.1PO4 (M = Mg, Co,
Ni), ¿§ 10 �Ç¿�>�, n«�,NX�Nþ©
O� 81.7, 90.4 Ú 88.7 mAh·g−1, �puX LiFePO4

� 53.7 mAh·g−1 Ú LiFePO4/C � 54.8 mAh·g−1. d
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	, ©z [24] ©Û
 LiMn2O4 ¥ Jahn-Teller �A
��á�Ì�5U�z�Ån. ©z [25, 26] ^
Äu�Ý�¼nØ (DFT) �1�5�n�{, ©
Û
 LiMn2O4 �, Cr, Mn, Fe, Co 9 Ni �>f(
�, du M -3d Ú O-2p ��p�^, 3$U?N�
Ñy#� O-2p U�, �)
�p�i\> . ©
z [27] æ^©fÄåÆ�[Ú¢����(Ü�
g´, ïÄ
zÆ*ÑXê� Li lfßÝ�'X,
(JL² LixMn2O4 (x = 0.1—0.9) 3 x = 0.3,0.7 ü
���«�zÆ*ÑXêpuü�«�ê�, T
nØ©Û� PRT (potential relaxation techniques) ¢
��y. é λ-MnO2, Li0.5Mn2O4 9 LiMn2O4 nØ
O�L², 4zf[£-¹U³^� Mn-3dz2 ;�
U?£Äk', >f>��6u Mn3+/Mn4+ �'
� [28].

Ïd, 1�5�nO�´�O#.>4á�!
çÀk�i Li �!;�DÚÃ8��°þ¢��
k��{. ©z [29, 30] O�
 Sn-Sb, Sn-Zn Ü7
i Li ��ÔnÚ>zÆ5U, ïÄL², Sn ÄÜ7
3Ì�¿�>L§¥, �3 Sn ilìà�y�, �
�NÈ�A��>4á�½5C�, XÛ�Ñ Sn
�ìày�´UõTaÜ7>zÆ5U�'�Ï
�.
ÏLÜ7z�g´, |^õ�½õ��A, ´

Uõ Sn-Sb Ì�5U�k�å». ± �¢�õ8
¥3 Sn-Sb X�(�Ú>zÆ5Uþ, l>f�
gþïÄÙ Li iø1�����é��. �©Ä
u β-SnSb ¥m�, V\Ü© In �fO� Sn � 
�, du In � Sn äk�q��f�»Ú>f(�,

�/¤�M(�,ÏLO�Ü7X3i Li c��U
þÚ>f(�Cz, ©ÛÜ7��U�(�!��
Ý!�©>Ö�Ý�, ïÄ1n�|� In é Sn-Sb
i Li 5U�K�5Æ, ùé&¢U5 Sn-Sb Ü7�
� Li >K4á�k�~kÃ���d�.

2 nØO��¢��{

β-SnSb ¥m�äk!�(�, ¬�~ê a =
b = c = 0.6214 nm, α = β = γ = 89.38◦, 3Ù¬�
¥, V\Ü© In �fO� Sn, /¤ Sn3InSb4 �M
�. Ü7i Li 5U�O�Äu1�5�n�^�
³²¡Å�{, äNæ^ Materials Studio O�^�
� CASTEP ¢y. >fm�p��'éUæ^2Â
FÝCq¥� PW91 /ª; æ^�^�³ (ultrasoft
pseudo-potential) £ã�fØ�S�>fé	�>
f�m��^³, ��f�	�>f|�©O�:
Li-1s22s1, In-4d105s25p1, Sn-5s25p2, Sb-5s25p3; k :
��æ^ Monkhorst-Pack �{À� 6×6×6 ��
:, ²¡ÅÄ¼ê�ê8dÄU�ä: Ecut û½,
À� Ecut = 350 eV ±�yv
Âñ. nØO�c
æ^ BFGS (Broyden Flecher Goldfarb Shanno) �{,
UìoUþ�$z�n, é¬�(�?1AÛ`z,
?��NX�U�(�!��ÝÚ�©>Ö�
Ý. O��, b�i Li þ x(x = 2, 4, 6, 8, 10, 11, 12)
Uìl���Åì�\� Sn3InSb4 ¬�¥, )¤õ
«i Li Ü7�, ¿�3¿�>Ì�L§¥ØUC
á��µe(�, ;.�Ü7(�Xã 1 ¤«.

ã 1 Sn3InSb4 9i Li �(� (a) Sn3InSb4; (b) Li8Sn3InSb4; (c) Li10SnInSb4

3 (J©Û

3.1 ÜÜÜ777iii Li ///¤¤¤UUU999>>>zzzÆÆÆ555UUUOOO���

�â Butler-Volmer ÄåÆ�. [31], 3i\

L § ¥, Li � f ` k Ó â ¬ � � m Y �, ,
�@Ñ?u!: ��7á�f. 3¢S�i
ø Li L § ¥, á � � ( � � U u ) E , � C
z, �©O�Äu®k�nØ�. [32], =?n
ª��Ð��oUþ, �Ñ�U�(�K�:
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∆G = ∆E + P∆V − T∆S, ∆E ��Ac�NX
�oUþ�, P∆V Ú T∆S ©O��Ac�dN
ÈCzÚ��CzÚå� Gibbs gdUCz�;
Ï~ P∆V Ú T∆S ���u ∆E �, �CqL�
� ∆G ≈ ∆E. ÏLO�Ü73i Li c�� ∆E,
��ü� Li �f�\ Sn3InSb4 ¬���i Li /
¤U ELi. Li i\>4���þ'Nþ½Â�:
Ccal = ∆xF/ξM, x� Sn3InSb4 ¬�¥�i Li þ, F

� Faraday ~ê, ξ�á��(�Xê, M �>4á
���é©f�þ.

L 1 O�L², �X Li ÅÚÓâ¬��o¡
NmY �, i Li /¤Ud Li2Sn3InSb4 � 0.4311
eV üN4O� Li8Sn3InSb4 � 0.7278 eV, /¤Uê
���, L²�«mY ��i Li ��±gdu
)iø Li ��A. Ù¥, L Li Ü7��/¤U�
�, �3`ki Li ª³; �±íÿ, 3¿�>Ì�
L§¥, i Li �A¬dÐÏ�« Li �¯�LÞ�
¿©i Li �L Li �; ø Li �Ü7�ò�Xi Li
/¤Ud���Åìu)©). 3¢S�¿�>�
A¥, NÈ�A´Ø��Ñ�'�Ï���, �X
i Li þ�O\,NX�þ'NþÚNÈ��éCz
ÇO��¯, Li2Sn3InSb4 �NÈ)äÇ� 11.74%,
L Li �Ü7��NÈ�A��wÍ, �¤k�
o¡NmY �Ó÷� (x = 8), Li8Sn3InSb4 äÇ
��� 43.40%.

�¬�¥¤k�o¡NmY� Li W÷� (x
= 8), 3�Y�i Li L§¥ (x > 9), Li ¬@Ñ?
u!: ��7á�f, �Uu) In,Sb ½ Sn �
n«O��A, Xª (1)—(3) ¤«, ÙNÈ)äÇ
©O� 38.71%, 38.19%Ú 40.19%. L 2 �O�L

², n«O�L§¥, Li9Sn2InSb4 äk�$�N
XoU Etotal � –4076.1417 eV, ?u�½G�,
$u Li9Sn3Sb4 � –2609.8161 eV Ú Li9InSn3Sb3

� −4019.4352 eV. n«�A�i Li /¤U ELi �
��, L²n«d3�O��AÑ�gu?1, º
�Uþ, �du/¤U���3�É, )¤i Li �
�J´§ÝØÓ. d�NÔn�£��, /¤U�
��AN´?1, )¤�á��½. n«i Li �
¥, Li9Sn2InSb4 äk��� ELi(0.7530 V) Ú�$
�oU, �lUþ�Ý©Û, � Li �÷¤k�mY
 ��, 3�Y�i Li L§¥, `ku) Sn �O
��A, = (3) ª.

Sn3InSb4 + 9Li  Li9Sn3Sb4 + In, (1)

Sn3InSb4 + 9Li  Li9InSn3Sb3 + Sb, (2)

Sn3InSb4 + 9Li  Li9Sn2InSb4 + Sn. (3)

�X�Y� Li �\ Sn3InSb4, ¿ÅÚ@Ñ Sn
� f, ¬ �NÈ m © Å Ú Â  , � �O þ Ú
å �NÈ C z Ç � w Í. Li9Sn2InSb4 � ) ä Ç
� 40.19%, Li10SnInSb4 �)äÇ~�� 35.31%, �
¤k� Sn �f� Li @Ñ�, Li11InSb4 �NÈ)ä
Çeü� 32.51%, d��i LiNXò=C� InSb
Ü7, ©z [33, 34] ïÄL², InSb á�3 Li �i
\¥, ¬ÅÚ@Ñ In �f. Ïd, éu Sn3InSb4 á
�, Ùi Li �A�^S�, Li ÄkÓâ¬�o¡N
mY �, ��ÅÚ@Ñ?u!: �� Sn �f,
�Xi Li þ�?�ÚO\, �ªò@Ñ In �f, �
AX (4)—(6) ª. � x = 12 �,NXi Li þ���
�G�, d�äk���)äÇ 22.53%Ú���'
Nþ 660.10 mAh·g−1.

L 1 Sn3InSb4 mYi Li �NXoUþ Etotal!i Li /¤U ELi!NÈ!)äÇ η 9�þ'Nþ

zÆª Etotal/ eV ELi / eV NÈ/nm3 η / % 'Nþ/mAh·g−1

Sn3InSb4 –2453.0538 2.3044 958.1

Li2Sn3InSb4 –2834.3201 0.4311 2.5749 11.74 55.94

Li4Sn3InSb4 –3216.1493 0.5718 2.9049 26.06 111.89

Li6Sn3InSb4 –3598.6065 0.7234 3.1154 35.19 167.83

Li8Sn3InSb4 –3980.4923 0.7278 3.3045 43.40 223.78

Sn3InSb4 + 10Li  Li10SnInSb4 + 2Sn, (4)

Sn3InSb4 + 11Li  Li11InSb4 + 3Sn, (5)

Sn3InSb4 + 12Li  Li12Sb4 + 3Sn + In. (6)

NÈ�A´�ä>4á�Ì�5U���
�ëê, 3¢S�¿�>Ì�¥, NÈ�Ap�Ü

7�4´Úå��SAå, ?Úu>4»�½®
z, ù¬��¹5�âÚ>4Åì��>�>. i
\�¹5 Li 3���Ì�L§¥Ã{gdøÑ, /
¤ “k Li”, Ì�5UÅìC�, l¦>4Nþ¯
�P~. ©¥O�L², Sn3InSb4 �,äk���
i Li /¤U, �äk�p� (11.74%—43.40%) N
È�A, ùØ|uTá��±¿�>�Ì�½5.
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L 2 Sn3InSb4 O��A (x = 9) �NXoUþ Etotal!i Li /¤U ELi!NÈ9)äÇ η

zÆª Etotal/eV ELi / eV NÈ/nm3 )äÇ η / %

Li9Sn3Sb4 –2609.8161 0.7327 3.1964 38.71

Li9InSn3Sb3 –4019.4352 0.6457 3.1845 38.19

Li9Sn2InSb4 –4076.1417 0.7530 3.2306 40.19

L 3 Sn3InSb4 O i Li (x > 9) �NXoU Etotal!i Li /¤U ELi!NÈ!)äÇ9�þ'Nþ

zÆª Etotal/eV ELi / eV NÈ/nm3 )äÇ η / % 'Nþ/mAh·g−1

Li9Sn2InSb4 –4076.1417 0.7530 3.2306 40.19 287.35

Li10SnInSb4 –4171.7531 0.7693 3.1181 35.31 371.86

Li11InSb4 –4267.6018 0.8043 3.0535 32.51 489.70

Li12Sb4 –2897.2439 0.8282 2.8236 22.53 660.10

ã 2 ;.Ü7��U�(� (a) Sn3InSb4; (b) Li8Sn3InSb4; (c) Li10SnInSb4

3.2 UUU���(((���999������ÝÝÝ (DOS) ©©©ÛÛÛ

Sn3InSb4 �d�����p�U, LyÑ7á
5�A�, Xã 2(a) ¤«, d� Sn, Sb Ú In � 5p
>fé Fermi U?NC�U�k����z. � Li
Ó÷¬�¥�mY ��, Li8Sn3InSb4 U��U
þ��²wCÄ, Xã 2(b), U�/GC “²"”, w
«Ñlf5A�, ù� Li, Sn, Sb �fm�)�Ü
©,zk', i\� Li Ü©¶-
� M -M (M =

Sn, Sb, In) �m��p�^, ¦NX¥y�r�>
fÛ�zA� (ùlã 4 �>Ö�Ý��<y). �
X�Y Li �i\, Sn �@Ñ¬�, �\ÚO��
AÓ�?1, NX�zÆ¤©u)��Cz, ù�
� Li10SnInSb4 ¬�S�fm��ÜG�u)N�,
>Ö#©�, Fermi NCU�CDÕ, Uþ���
C°, �ã 2(c). ØÓi Li G��, Ü7��U�(
��3�½��O, ùÌ��NX� s�Ú p�>
f��kz§Ý��Ék'.
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ã 3 ;.Ü7����Ý (a) Sn3InSb4; (b) Li8Sn3InSb4; (c) Li10SnInSb4

dã 3(a)��Ý©Û��, Sn3InSb4 3 Fermi
U?±e�¤�«�SÌ�´ Sn Ú Sb � 5p >
f�z, In � 5p >f�z�é��, Fermi U??
���Ý N(EF) � 4.7835 eV−1, d� Sn-Sb, In-
Sb 9 In-Sn ��d�^Ì�ÏL7á�f	�;

��pm�>f,zÚå. ã 3(b) ¥, Li �fé
��Ý��zÌ�8¥3 Fermi U?NC, ùN
y
 Li Jø�>>f�A�, �X Li i÷mY
 �, Li8Sn3InSb4 ��kzd>fêO\, 7á
5Or, Sn, In 9 Sb é��Ý��zJ,, >Ö
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©Ùu)
���=£, Sn, In 9 Sb �f� 5p
>f� Li �f� 2s >f/¤,z, ùOr
N
X¥ Li—M ��ÜUå, ¦NX�½5Jp;
Li8Sn3InSb4 3 Fermi U??���ÝO\, N(EF)
� 5.4438 eV−1, L²NX¥�>f�kz§Ý
J,, 7á5Or, Ü7���>5Jp. ã 3(c)
¥, �X Sn O �A�?1, Li10SnInSb4 NX¥
�f#¤�, Sn ��z~f, In, Sb �zOr,
 Fermi U??o��Ý�X Li ¹þ�O\�
eü, N(EF)� 3.4891 eV−1, ùL²d�NXS>
f�kz§Ý~f, duNX¥"��>>f, 7
á5eü. >4á���>5eü, òE¤¹5Ô
�m�>>{9 Li+ [£>{�O\, ù¬ØÓ§
Ý/�� Li lfÚ>f�gdDÑ*Ñ, ?K
�á��¢S¿�>5U.

3.3 ���©©©>>>ÖÖÖ���ÝÝÝ©©©ÛÛÛ

ÏL�©>Ö�Ý�±��*/n)�f
m � ¤ � � ¹, > Ö © Ù ! = £ �. dã 4(a)
Sn3InSb4 (110) ¡�>Ö©Ù��, >Ö©ÙÑy
wÍ���É5, Sn-Sb, In-Sb �m�>Ö�Ý�,

�d��r, In-Sn m��d��é�f, �fm¥
y·Ü�A�,NX/¤�¹Ü©lf�¤©��
d�. �Xlf5 Li �i\,ã 4(b) ¥ Li8Sn3InSb4

>Öu)#©Ù, du Li �lf5¶-�^, Sb
�f±�>Ö©Ù���5²wUC, � Sn-Sb, In-
Sb 9 In-Sn m�d�É�ØÓ§Ý�»�, >Ö�
Ý©Ù¥y7á5; d�NX�3�õ�kz�>
f, Li �d>f�kzë��>, ¦á���>
5Or. 3@Ñ Sn �f�,ã 4(c) ¥ Li10SnInSb4

� M -M (M = Sn, In, Sb) �d�rÝu)N�, >
Ö©Ù#Ñy��5, Sn—Sb, In—Sb, In—Sn �
ØÓ§Ý/Or, NX�d��^J,, >f�
kz§Ýeü, �>>f~�, 7á5eü, �>U
åk¤ü$.

4 ( Ø

æ^1�5�n�^�³²¡Å�{ïÄ

 Sn3InSb4 Ü7�i Li 5U, O�(JL²:

1) Li 3i\ Sn3InSb4 ¬��, ÄkÓâÙm
Y �, ,��Xi Li þ�O\, Li �±?�Ú�
�¬�¥� Sn Ú In;

ã 4 �©>Ö�Ý (a) Sn3InSb4; (b) Li8Sn3InSb4; (c) Li10SnInSb4
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2) 3 i \ L § ¥, N X L y Ñ � p
� (11.74%—43.40%) N X ) ä Ç, ù ´ �
� Sn3InSb4 �� Li lf>4á�Ì�5U��
���Ï;

3) U�(���©>Ö�ÝL², Li i\¬�
�mY ��, ¬Ü©¶-
� M -M (M = Sn, Sb,

In) �m��p�^, ¦NX¥y>fÛ�zA�;
4) ÏL©Û Li i\c���Ý�Cz, uy

NX��>5UÄk� Li i\þ�O\O\, �
¤k�mY �� LiW÷, u) Sn �O��A�,
NX��>5U�ü$.
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Abstract
The mechanism of Li insertion into Sn3InSb4 alloy is investigated by means of the first-principle plane-wave pseudo-potential

method. The lithium intercalation formation, the theoretical capacity, the volume expansion ratio and the electronic structures are
calculated. In the intercalation process, lithium atoms firstly fill the interstitial sites, and then lithium atoms continue to replace the
metal atoms. Large expansion ratio from 11.74% to 43.40% would lead to the bad cycle stability for Sn3InSb4 alloy as the lithium
battery electrode material. The conduct electricity is improved with lithium content increasing, then the conduct electricity decreases
with interstitial sites being filled with lithium atoms and Sn-replacement reaction occurring.
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