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æ^�Ý�¼�{, ïÄ
 MnxSny(x = 2, 3, 4; y = 18, 24, 30)ìq�AÛ(�. uy MnxSn6x+6(x = 2, 3, 4)
��u/¤ Mn �fS�\ D3d Snìqü<(�, = Mn2Sn18, Mn3Sn24 Ú Mn4Sn30. 
 MnxSn6x+12(x = 2, 3) K
��u/¤dü��<ë�
¤�V<(�, = MnSn12-MnSn12 Ú MnSn12-Mn2Sn18. Ïd, �"ÏL���, Mn
�f�êþ5|C¤ØÓ(�� MnxSny ��B��.

'�c: MnxSny ìq, �Ý�¼nØ, B��

PACS: 36.40.–c, 71.15.Mb, 68.65.La

1 Ú ó

gLVL [1−3] �uy±5, �,LVLÏä
kÛA�Ôn5�Úå
<�2��'5 [4,5]. X
3¡%á�(�� C60 �NmY ��\w7á
�f, �¦Ù¤�éÐ���N [4]. �,� C70 ä
kéÐ�n���51Æ5� [5]. LVLû)Ô
äk´Lõç�ÛA5�, Ì�´Ï�§�3Xõ
«��,�ª, �) u<fSÜ (S�)! u<
f	Ü (	�) ÚÏLO�<fg��%�f
�
,�<fþ (O��,). éS�7áLVL�ïÄ
L², daìqäkaLVL�(�, Ó��äk
7á�A5. ÏL7á�f��,, LVL�>f
(�u)
²w�Cz, l
¦ÙäkAÏ�5�,
X��!^5!zÆ¹5�.

[Sn12]2− ìqäkaLVL<G(�, �±�
LVL��/¤7áS� [MSn12]− ìq [6](M =
Ti, V, Cr, Fe, Co, Ni, Cu, Y, Nb, Gd, Hf, Ta, Pt, Au).
�C, Sun � [7] 3¢�þÜ¤
�� Sn18 S�
ü� Pd �f� [Pd2Sn18]4− <GÒlfìq. §
�±w¤´ü�S� [Sn12]2− � [PdSn12]2− ìq

÷XÙ C3 ¶�Ø��� Sn3 n�/2ë�3�
å�<G(�. ù«l [Sn12]2− �¥/(�|©
/üC� [Pd2Sn18]4− �ý¥/(�aqu C60

� C70 �üC. ©z [7] �nØO�(J�uy,Ï
Lò PdSn6 �\� [Pd2Sn18]4−, ìqE,�±/
¤­½� [Pd3Sn24]4− Ú [Pd4Sn30]6−.

,��¡, �C�nØïÄ(J�Ñ, éu Ge
Ú Sn �ìq, ,
­½��ìq�±�5/ë�
3�å/¤­½�ìq. Sevov � [8−10] ¢�Ü¤

d Ge9 �ìq�5ë�3�å� [Ge9-Ge9]6−,
[Ge9-Ge9-Ge9]6− Ú [Ge9-Ge9-Ge9-Ge9]8− Òlf
ìq. Schäfer � [11] nØïÄuy, Sn20 ìq´d
ü��Ó�Vº:o��cÎ Sn10 ìqÏLn�
/¡��ë�3�å�. Kandalam � [12] �Ñ, ü
� Mn �fS� Sn12 /¤� MnSn12ìq��±(
Ü/¤­½� [MnSn12]2 ìq, ¿�3?�Ú�©
fÄåÆO�¥uy, 3¿§��¹e [MnSn12]2
ìqE´­½�.

®k�ïÄ [12−14] L², Mn �fé·ÜS
� � Sn12 ¥, / ¤ ­ ½ MnSn12 ìq. � © ò
± MnSn12 ìq�Ä:, ?Ø MnxSny ìq (x =
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2, 3, 4; y = 18, 24, 30) �AÛ(�, ïÄÙd�ìq
��ìq�ü?�ª.

2 O��{

�©æ^�Ý�¼nØ [15,16] ¥�éØ�³
Ú2ÂFÝCq� PW91[17] ��'é?�¼ê±
94z¼ê*Ð�Vê��f;� DND Ä|. æ
^g^���Cq¦) Kohn-Sham[18] gU|�§.
^ Mulliken >Ö©Û5���f�>ÖÓâ. (�
`zæ^ Broyden-Fletcher -Goldfarb-Shanno {K,
±FÝCz�u 10−3 a.u.! £Cz�u 10−3 a.u.
ÚUþCz�u 10−5 a.u. �ÂñIO. gUL§´
3UþÚ>f�Ý�ÂñIO� 10−6a.u. e�¤.

^±þ�{`z [Pd2Sn18]4− ìq, ��� Pd
�f� Pd �f�m�ål� 0.349 nm, �©z [7]
�¢�� (0.341 nm) �Î, Pd—Sn Ú Sn—Sn ��
���©O3 0.294—0.298 nm Ú 0.309—0.341 nm,
��©z [7] �¢�� (0.286—0.292 nm Ú 0.301—
0.343 nm) ��. O���� [Pd2Sn18]4− ìq��
p®Ó©f;���$�Ó©f;��m�UY

� 1.49 eV, �©z [7] �nØO�� (1.44 eV) �Î
Ü. ùL²·�¤æ^�O��{´Ün�.

3 (J9?Ø

3.1 üüü<<<(((���

é MnSn12 ìq�(�ïÄL², MnSn12 �
±/¤äk Ih é¡5���¡N(�, ��±
/¤äk Oh é¡5�á�l¡N(�. Ïd,
3?Ø Mn2Sn18 ìq�·��Ä
n«Ð©(
�, ©Oäk D3d, D3h Ú D3 é¡5. Ù¥, D3d

( � � Mn2Sn18 ìq � ± w ¤ ´ ü � Ih é ¡
5� MnSn12 ©O�K Sn3 n�/¡, 
�2ë
�3�å�<G(�, Xã 1(a) ¤«. D3h (�
� Mn2Sn18 ìqK´dü� Oh é¡5� MnSn12

©O�K Sn3 n�/¡, 
�2ë�3�å�<G
(�, Xã 1(b) ¤«. aq/, D3 (�� Mn2Sn18

ìq��±w¤´dü� Oh é¡5� MnSn12

üC
5, ØÓ�´ü� MnSn9 k��7 Mn-Mn
¶ 30◦ ��é^=, Xã 1(c) ¤«.

ã 1 Mn2Sn18 ìqn«Ð©(��üCL§ (a) D3d é¡5(�; (b) D3h é¡5(�; (c)D3 é¡5(�
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A Û ( � ` z u y, D3 é ¡ 5 ( �
� Mn2Sn18 ìqò¬=C� D3h é¡5(�, L
² Mn2Sn18 ìqØ��u/¤ D3 é¡(�. L 1
�Ñ
 Mn2Sn18 ìq�(ÜUÚ�­½ìq�U
Y. dL 1 ��, D3d (�� Mn2Sn18 ìq�(Ü
U' D3h (��(ÜUp 3.67 eV, `² D3d (�
� Mn2Sn18 ìq' D3h (��­½. Ïd, éu<
G� Mn2Sn18 ìq, Ù(����u D3d é¡5
(�. 3 D3d (�¥ü� Mn �f��� 0.232 nm,
�u Mn2 ��� (0.261 nm[19]).

L 1 ü<(�ìq�(ÜUÚUY

ì q é¡5 (ÜU/eV UY/eV

Mn2Sn18
D3d 56.61 0.72

D3h 52.94 —

Mn3Sn24
a D3d 76.15 0.33

a D3h 74.82 —

Mn4Sn30
a D3d 96.23 0.36

a D3h 95.82 —

Mn2Sn24 D3d 72.53 0.56

Mn3Sn30 C1 92.12 0.37

Mn2Sn18 ìqØ=�±w¤´dü� MnSn12

ìqüC
5, ��±w¤´3 MnSn12 ìq¥
\\
�� MnSn6 8>/�G(�
/¤. Ï
d, 3 MnSn12 ìq�Ä:þ\\ü� MnSn6 8
> / � G ü � Ò � ± ? � Ú / ¤ Mn3Sn24 ì
q, \\n� MnSn6 8>/�Gü�Ò�±/
¤ Mn4Sn30ìq. ��5¿�´, éu Ih é¡5(
�� MnSn12 ìq, ¤\\�´ÉÃ«.8>/�,

éu Oh é¡5(�� MnSn12 ìq, \\�K
´²¡8>/�. d±þ¤ã��, D3 é¡5(�
� Mn2Sn18 ìqò¬=C� D3h é¡5(�. Ï
d, éu Mn3Sn24 Ú Mn4Sn30 ìq·�=± D3d

Ú D3h é¡5(���Ð©(�.
ã 2 Úã 3 ©O�Ñ
`z�� Mn3Sn24

Ú Mn4Sn30 ìqAÛ(�. `z�, ìq(��
Ñk¤Û­, �´Ä��±
<G(�, ·�¡
§��a D3d (�Úa D3h (�. dL 1 �Ñ
� Mn3Sn24 ìq�(ÜU��, a D3d (��
(ÜU'a D3h (��(ÜUp 1.33 eV. d©
z [19] ��, n� Mn �f¤/¤� Mn3 ìq�
��n�/(�. lã 2 ��, Mn3Sn24 ìq¥
n� Mn �f¿Ø3�^��þ. 3a D3d Ú
a D3h (�¥, n� Mn �f¤/¤��Ý©O
� 167.116◦ Ú 118.737◦, Mn �fm²þ��©O

� 0.256 Ú 0.235 nm, Ñ�u©z [19] ¥ Mn3 �
²þ�� (0.269 nm). �a D3h (��', a D3d

(�¥n� Mn �f/¤��Ý'��, ¿�<
f�Û­§Ý��, ù�`²dÉÃ«.8>/
��¤�a D3d (�� Sn24 <f�'d²¡8
>/��¤�a D3h (��<f��­½. Ó�
�(Øé Mn4Sn30 ìq�·^. o�, a D3d (
�� Mn2Sn18, Mn3Sn24 Ú Mn4Sn30 ìq'�A�
a D3h (���­½.

ã 2 Mn3Sn24 ìq�`z(� (a) a D3d (�; (b) aD3h

(�

ã 3 Mn4Sn30 ìq�`z(� (a) a D3d (�; (b) aD3h

(�

� 
 ? � Ú ï Äìq � ­ ½ 5, · � O �

 Mn2Sn18, Mn3Sn24 Ú Mn4Sn30 ìq�­½(�
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��p�^U. �p�^U� Sn <f�Uþ� Mn
� f � U þ � Ú ~ �ìq � o U þ. Mn2Sn18,
Mn3Sn24 Ú Mn4Sn30 ìq��p�^UÑ���,
©O� 10.91, 14.32 Ú 19.82 eV, `² Mn �f��
,k|uìq�­½. (ÜU�p�'��±u
y, d D3d (�� Mn2Sn18 ìq\\�� MnSn6

/¤a D3d (�� Mn3Sn24 ìq�(ÜUO\

 19.54 eV; 
da D3d (�� Mn3Sn24ìq\\
�� MnSn6 /¤a D3d (�� Mn4Sn30ìq�(
ÜUO\
 20.08 eV, (ÜU�O\Ñkþ,ª³.
dd��, �,<f�O�¦ìq�é¡5eü,
�´ìqE�±�Ð�­½5. d	, � Mn2Sn18

ìq�UY 0.72 eV �', Mn3Sn24 Ú Mn4Sn30 ì
q�UY~�� 0.33 Ú 0.36 eV, `²�X<f�
O�, ìqk7áz���. Mulliken >Ö©Ûu
y, Mn2Sn18ìq¥ü� Mn �f�� Sn <=£>
Ö 0.260e, Mn3Sn24ìq¥n� Mn �f�� Sn <
=£>Ö 0.313e, Mn4Sn30 ìq¥o� Mn �f�
� Sn <=£>Ö 0.323e.

d	, éu Sn24 Ú Sn30 <f, ·���Ä

± D3d é¡5�Ð©(�� Mn2Sn24 Ú Mn3Sn30

ìq. � Mn3Sn24 ìqØÓ, Mn2Sn24 ìq�`
z ( J L ², Ù ( � U 
 � ± D3d é ¡ 5, X
ã 4(a) ¤«. 
éu Mn3Sn30 ìq, `z�(�
' Mn4Sn30 ìq�(�Û­��, <þ�� Sn �
fk�<SS��ª³, Xã 4(b) ¤«.

ã 4 ü <ìq � ` z A Û ( � (a) Mn2Sn24 ìq;
(b) Mn3Sn30ìq

3.2 VVV<<<(((���

MnxSny(x = 2, 3, 4; y = 24, 30)ìq��±´
dü� MnSn12 (½�� MnSn12 Ú�� Mn2Sn18)
ìq � � � ë 
 / ¤ � V < ( �, ½ ± Mn
� f � x ù m � � ë 
 / ¤ � V < ( �. e
¡ · � Ì �?Ø MnSn12-MnSn12, MnSn12-Mn-
MnSn12, MnSn12-Mn2Sn18 Ú MnSn12-Mn-Mn2Sn18

ìq. � u © z [12] � Ñ ü � MnSn12 ìq ±
n�/¡���ë��(���­½, Ïdé
u MnSn12-MnSn12 Ú MnSn12-Mn2Sn18 ìq, ·
�=�Ä
d«ë��ª, Xã 5(a) Ú (c) ¤«.
MnSn12-Mn-MnSn12 Ú MnSn12-Mn-Mn2Sn18 ìq
K´3 MnSn12-MnSn12 Ú MnSn12-Mn2Sn18 ìq
�Ä:þ, 3ü�<f¥m\\���	� Mn �
f��xùm�ë�
¤�(�, Xã 5(b) Ú (d)
¤«. O�(Juy, ²L(�`z�, ù
ìq�
ü�f<fÑvku)�¥, <f�m�vkKÜ
���. 3ù
V<(��ìq¥, �,Ùf<f
�(�Ñk¤Û­, �E,U�±X<G(�.

L 2 �Ñ
V<(�ìq�(ÜUÚUY. é
u MnSn12-MnSn12 ìq, Ù�fêÚ Mn2Sn24 ì
q��fê�Ó, �Ù(ÜU' Mn2Sn24 ü<ìq
�(ÜU (�L 1) pÑ 1.05 eV. Ó�/, MnSn12-
Mn2Sn18 ìq � ( Ü U ' �Ó� f ê Mn3Sn30

ü <ìq � ( Ü U p Ñ 1.41 eV. ù ` ² é
u Mn2Sn24 Ú Mn3Sn30ìq, V<(�� MnSn12-
MnSn12 Ú MnSn12-Mn2Sn18 ��­½. ,��¡,
MnSn12-Mn-MnSn12 � Mn3Sn24 � ', ( Ü U ~
�
 0.33 eV; MnSn12-Mn-Mn2Sn18 � Mn4Sn30 �
', (ÜU~�
 0.60 eV. ù`²éu Mn3Sn24

Ú Mn4Sn30ìq, ü<(�� Mn3Sn24 Ú Mn4Sn30

ìq��­½. nþ¤ã, MnxSn6x+6(x = 2, 3, 4)
ìq��u/¤ Mn �fS� Sn <�ü<(�,

 MnxSn6x+12(x = 2, 3)ìqK��uü���<
Gìq��ë�
¤�V<(�.

L 2 V<(�ìq�(ÜUÚUY

ì q (ÜU/eV UY/eV

MnSn12-MnSn12 73.57 0.52

MnSn12-Mn-MnSn12 75.82 0.27

MnSn12-Mn2Sn18 93.52 0.43

MnSn12-Mn-Mn2Sn18 95.63 0.19
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ã 5 V <ìq � ` z A Û ( � (a) MnSn12-MnSn12 ìq; (b)MnSn12-Mn-MnSn12 ìq; (c)MnSn12-Mn2Sn18 ìq;
(d)MnSn12-Mn-Mn2Sn18 ìq

4 ( Ø

�©æ^�Ý�¼�{ïÄ
 MnxSny(x =
2, 3, 4; y = 18, 24, 30) ìq�AÛ(�. (JL
², MnxSn6x+6(x = 3, 4) ìq��u/¤ Mn �
fS� D3d (� Sn <�ü<(�, = Mn3Sn24

Ú Mn4Sn30 ìq. 
 MnxSn6x+12(x = 2, 3) ìq
K��udü���<Gìq��ë�
¤�V
<(�, = MnSn12-MnSn12 Ú MnSn12-Mn2Sn18 ì
q. Ïd, �"ÏL�� Mn �f��,êþ5|
C¤ØÓ(��B��.

[1] Kroto H W, Health J R, O’Brien S C, Curl R F, Smalley R E 1985
Nature 318 162

[2] Yuan L F, Yang J L, Deng K, Zhu Q S 2000 J. Phys. Chem. A 104
6666
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Abstract
The geometric structures of the MnxSny (x = 2, 3, 4; y = 18, 24, 30) clusters are studied using the density functional theory

method. The geometric optimization shows that the favourite structures of MnxSn6x+6 (x = 2, 3, 4) are D3d single-cage structures
which encapsulate Mn atoms, i.e. Mn2Sn18, Mn3Sn24 and Mn4Sn30©However the favourite structures of MnxSn6x+12 (x = 2, 3) are
two-cage structures, i.e. MnSn12-MnSn12 and MnSn12-Mn2Sn18©Thus, it is promising to form new one-dimensional nonawires of
MnxSny heterostructures by controlling the number of Mn atoms.
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