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1 Ú ó

gl 1985c Kroto �< [1] uy C60 LVL±

5, duLVLÕA�<G(�, D�
§��


AÏ�ÔnzÆ5�, ��¤��Æ.'5ÚïÄ

��:. 8c, LVL®3>fÆ!1Æ!^Æ!

zÆ!�Æ!á��ÆÚ)Ôó§Æ���+�

k2,�A^cµ. Cc5, <�qò5¿å=�


�,LVL�ïÄ, uy
õ«äkAÏõU�

�,7á��7á�f�LVLû)Ô [2−7]. L

VL��,k 3 «�ª: 	�,!O��,ÚS

�,. nØïÄuy, LVL� HOMO � LUMO

m�UY�±ÏL�,ØÓ�7á5N!, l


�¤�«>fì�. <�uy¹7á�,�LVL

pk²w�>f=£, Ù>ÆÚ^Æ5��u)


é��Cz, ù¦§3ü©fB�>fì���¡

kX2��A^cµ. ¢�ó�ö®¤õ/Ü¤

Ñd B, N, Fe, Ni, Co, Rh, IrO� C60 ¥ C �f�

LVL [8]. Chen� [9] ^ CNDO/2�{O�
 C60,

C59X Ú C58X2(X=B,N,P)�¹ B, N, P�f�É�

ìq�>f(�. Wu � [10] éÉ�LVL C76BN

� UV Ú IR 1Ì?1
ïÄ. �3�,7áLV

L�ïÄ¥, �õÑ´p%LVL, é�LVL©

fïÄ�'��, AO´3���LVL©f C20

¥O��,7á8cïÄ���. �©XÚ/ïÄ


7áO��,LVL C19M (M=Cr, Mo, W) ©f

�AÛ(�Ú>f5�, ±Ï�¢�ïÄC½­�

�nØÄ:, Jøk��&E, �#.B�1>ì

��muJø�A�nØ�..

2 O��{

�
Ïé� C19M (M=Cr,Mo,W) ©f��$

Uþ(�, ·��Ä
�þ�UÐ©�., 3Ïé

�.�, 3 C20 ©fA«�UAÛ�.�Ä:þO

� M (M=Cr,Mo,W) �f, du C20 ¥�z��%

�fÑ´�Ó�, Ïd M �f�±O�Ù¥?Û

�� C �f, ���´Ó�«�., 2éÙ?1A

Ûëê�`z, ¿ò¤käkØÓé¡5�É�

NÑ?1
O�. O��À^ B3LYP �{, ¿��

Ä�O��mÚ°Ý, À�
�³Ä| LANL2DZ,

²L�¡`z��
 C19M ©f�­½�.. ¿

* I[g,�ÆÄ7 (1OÒ: 51072072)]Ï��K.

† E-mail: zh4403701@126.com

c© 2012 ¥¥¥IIIÔÔÔnnnÆÆÆ¬¬¬ Chinese Physical Society http://wulixb.iphy.ac.cn

043601-1



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 4 (2012) 043601

�é`zÐ��.Ñ�
ªÇ©Û, þvkJª,

`²·����Ä��.Ñ´³U¡þ�Û��

�:, 
Ø¬´LÞ�½p�Q:. ·�3¿©

�Äg^õ­Ý�cJe, ��
z«7á�,

� C19M ©f�­½(�, ¿±Uþ�p$��â

(½
ìq�Ä�(�. �
�yO�æ^�Ä|

���5, ·�æ^VÄ|O��{ (é C �fæ

^ 6-311G(d)Ä|, é7á�fæ^ LANL2DZ Ä

|) ?1
O�, ¤�(J�üÄ| LANL2DZ �

ÎÜ. ~X, VÄ|`z¤�� C19Mo �f�­½

�., Ù C—C ������ 1.428Å—1.496Å, ²

þ��� 1.469Å, ù�üÄ|O�¤�(J (�

��� 1.428Å—1.497 Å, ²þ�� 1.469Å) A

�vk�O; VÄ|`z�� C19Mo ©f, Ù\

¤�A��A9� 6.579 eV,�üÄ|¤��(

J 6.857 eV���Ø�. ddy², �O�¤æ^

� LANL2DZ Ä|·Ü C19M �O�. ¤kO�Ñ

æ^ Gaussian03§S�¤.

3 O�(J�?Ø

3.1 AAAÛÛÛ(((���

�
~�du¦^ØÓO��{ÚÄ|�5

�Ø�, ¿�k��'��Ä:, ·�3c<�

Ä:þ­#O�
 C20 �Ä�(�. ¿�3 C20

�Ä:�þ�K
��%�f, A^Ó���

{?1
AÛëê�`z, �Ñ
 C19 �Ä�(

�. `z� C19 Ú C20 �AÛ(��ã 1. dã

wÑ, C19 %<¥k��Ô��Ú��o��, Ø

ÎÜ²;LVL½Â, ù«%<(��¡�OL

VL½�²;LVL. �©d B3LYP �{¤��

� C20 ©fÄ�(�áu D3d é¡+, Ù C—C

�����´ 1.422Å—1.531Å, þ0u C—C ü

� (1.54Å) ÚV� (1.34Å) �Ý�m. dd��, ·

�O���� C20 ©f C—C ��kü�Cá!

V�C��ª³.

C19Mo(S/) C19W(S/)

C19Cr(S/)

C19Cr(S/)

C19(S/) C20(S/)

ã 1 C19, C20 Ú C19 M (M=Cr,Mo,W)�Ä�(� (S �õ­Ý)

3?1 C19M �AÛ(�`z�, l$õ­Ý

m©`z, ��Uþm©,p, ��ÀJ
Uþ�

$�õ­Ý�(���­½(�, ¿l¤k­½(

�¥ÀJÑ
Ä�(�. C19M (M=Cr,Mo,W)©f
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�Ä�(�Xã 1 ¤«, ÙAÛëþ3L 1 ¥�

Ñ. `z���� C19M ©fþ� Cs �é¡5. d

ã 1 �±wÑ, � C19Mo Ú C19W ©fØÓ�´,

C19Cr ©f�Ñ
ü«(�, õ­Ý©O� 3 Ú 5,

õ­Ý� 5 �Uþ'õ­Ý� 3 � C19Cr ©fU

þ$ 0.03 eV,Uþ�3 0.03 eV±SéJ�ä=�

´Ä�, Ïd�@�ùü«�.´¿��Ä�, é

uõ­Ý� 5 ��., Cr �f���� C �fØU


¤�, vkU
�±%<�<G(�, �´�Ù

õ­Ýü$� 3 � Cr �f���� C �fU
¤

�. é C19Mo Ú C19W ©f
ó, ÙÄ�(�éA

�g^õ­Ý� 3, ¿�±�5<G(�.

ÃØ�� C �f�7á´ Cr, Mo �´ W,

§����«aþ��, Ñ� 17 «��, C19M

¥� C—C ��3 1.431Å—1.500 Å�m. Ø�

O C—C � � � � u C20 � � C � 	, ý � Ü

© C—C � � Ñ k ¤   á, ` ² 7 á � � , ¦

�%<u)
���à . ,	, ØÓ� C19M

� C—C � � � � Ä � � ± � �, ù ` ², ¦

+ M � f Ø Ó, � ´ § � é % < � � ^ å �

���.C19M � C—M �þ�ü«, õ­Ý� 3

� � C—Cr � � � � � 2.003 ÅÚ 1.974 Å, õ

­ Ý � 5 � � Cr � f Ú � C C � f m å l

� 2.018ÅÚ 2.026Å, C—Mo � 2.088ÅÚ 2.045Å,

C—W � 2.055ÅÚ 2.021Å. 3Ï~�¹e, M—C

������ 2.1 Å, ' C19M ¥� C—M ���

���, ¤± C19M ¥� C—M ���U�r, �

��O�. �
�Ùå�, L 1 �Ñ
 C19M Ú C20

� C—C �Ú C—M ��²þ��Ú��.

3.2 C19M ���(((���­­­½½½555

ÏLé HOMO(�pÓâ;�) Ú LUMO(�$

�Óâ;�) �©Û, �±��'u©fAÛ�.

�­½5&E. �pÓâ;�Ú�$�Óâ;��

m��Ò´UY (Eg), = Eg = ELUMO − EHOMO.

��`5, Eg �pé¡5�4��>f�.�

'é, Ù���N
>flÓâ;���Óâ

;��[�Uå, ´Ô��>5���ëê. Ó

�3�½§Ýþ, Eg �L
©fë�zÆ�A

�Uå. Eg ����, �L©fäkér�z

Æ¹5, Eg ����, ©fäk�r�zÆ­

½5. dd��, Eg ��K�X©f�zÆ¹

5Ú­½5. L 2 �Ñ
 C19M (M=Cr,Mo,W)(�


'�©Û, ��Ñ
 C20 �) � HOMO, LUMO

Ú Eg. d L 2 w Ñ, · � O � � C19M © f

ì q � HOMO Ú LUMO U ? v k u ) � �,

LUMO U?pu HOMO U?, `²vkg^À

/. ¿� C19M �UY��¿Ø�, þ' C20 ��,

L²²L7á�f��,�, §��ÄåÆ­½5

�~�C, ¿�Ú�%LVL C20 �'k¤ü$,

zÆ¹5Or.

L 1 C19M ©f� C—C ��Ú C—M �� (ü : Å)

©f S é¡5 RC−C RC−C RC−M RC−M

C19Cr 3 Cs 1.433—1.498 1.467 1.974—2.003 1.993

C19Cr 5 Cs 1.431—1.500 1.467 2.018—2.026 2.021

C19Mo 3 Cs 1.438—1.497 1.469 2.045—2.088 2.074

C19W 3 Cs 1.438—1.492 1.470 2.021—2.055 2.044

C20 1 D3d 1.422—1.531 1.512 – –

C19 3 Cs 1.435—1.537 1.473

L 2 C19M ©f�Uþëê (ü : eV)

©f S EHOMO ELUMO Eg ∆E VEA VIP χ η

C19Cr 3 −5.388 −3.782 1.606 5.306 2.476 6.776 4.626 2.150

C19Cr 5 −5.361 −3.810 1.551 5.333 2.422 6.803 4.613 2.191

C19Mo 3 −5.388 −3.782 1.606 6.857 2.150 6.776 4.463 2.313

C19W 3 −5.442 −3.891 1.551 8.109 2.313 6.830 4.572 2.259

C20 1 −5.878 −4.136 1.742 — 2.694 7.456 5.075 2.381

�
?�ÚïÄ C19M (M=Cr,Mo,W) ©f�

­½5, Uìúª ∆E = (EC19
+ EM ) − EC19M

[3]

O�
 C19M (M =Cr, Mo, W) \¤�A��A

9. e ∆E ��, KL«Ü¤´�9�A, Ù�
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��, �A�Ñ�9�õ,C—M ��r, C19M ©

f�9åÆ­½5�Ð, ¢��N´Ü¤; 
K

� ∆E KL²Ü¤´á9�A, ¢�Ü¤�(

J. dL 2 �±wÑ, /¤ C19M (M =Cr,Mo,W)

��A9þ���, ¿�Xù
\¤�AÑ´�

9�A, Ó� C19M ��A9´�X M �fS

ê�O\
Åì,p, =L²§��9åÆ­½

5�X M �fSê�O\
O\. éu C19Cr,

õ ­ Ý � 5 � ( � � � u õ ­ Ý � 3 � ( �,

Ù�A9�p, =õ­Ý� 5 �©f�9åÆ­

½5�p; 
éuUY, õ­Ý� 5 ���uõ­

Ý� 3 �$, =õ­Ý� 5 �(�ÄåÆ­½5'

õ­Ý� 3 �$.

L 2 � Ó � � Ñ 
 C19M � R � > l

U (VIP)!R��ÚU (VEA)!©f�>K5 (χ)

ÚzÆMÝ (η). >lU´3í�¥©flÓâ

©f;�����>f¤I��Uþ, �±ÏL

ÿþ¥5Ú�lfÄ�Uþ����, ½Â�:

IP=E+
− E; XJ�lf�±¥5©f�Ä�A

Û�., ¤���´R�>lU. ©f�>f�Ú

U EA ´©fº��¼ê, §kÏu<��«©f

�üz5Æ, >f�ÚU´3í�¥ò��>f\

�©fþ�¤�Ñ�Uþ, ½Â�Ä��¥5©f

�Òlf�Uþ�, = EA= E − E−, �¥5©f

æ^ÒlfÄ��AÛ�., ¤���´R��Ú

U. ýé>K5�N
©féÙ>f�åPUå,

´©fáÚ>f�Uå; 
zÆMÝ´zÆ³�|

©f¥>fê8Cz�Uå, ©f�>K5ÚzÆ

MÝ´lÙ>lUÚ�ÚU¤¦� [11], >K5�

úª�½Â� (VIP + VEA)/2; 
zÆMÝ�dú

ª (VIP − VEA)/2 ¦�. lL 2 �±wÑ, C19M

©f�R�>lU!R��ÚU!>K5ÚzÆ

MÝÑ��Ø�, 
�Ñ'X%LVL C20 �. ù

`²��%©f C20 �', M ���¦ C19M ´

u��>f, 
��>f�JÝO�, =§�' C20

N´��z, 
Ju���.

3.3 C19M ÄÄÄ���(((������^̂̂555

�Äg^õ­Ý, =�Ä
g^4z, �Ò´

3UþO�¥éØÓg^ (g^�þÚg^�e)

¦^ØÓ�;�, ù`²�Ä
>f�>f�m�

^;ÍÜ, 
ìq�^5��ìq¥>f�g^4

z���' [12]. 3�Äg^õ­Ý�cJe, ·

�ïÄ
 C19M ìqÄ�(��^5. L 3 �Ñ


 C19M Ä�(��o^Ý9��fþ�Û�^

Ý. ùp|^g^�þÚg^�e�ü>fê��

¦�o^Ý, ü �À�^f (µB). nØïÄìq

�^Ý�±¼��^Ý�p�6�ìq(�5�,

l
�±n)ìq�º�!é¡5!AÛÚ>f

(��^5�m�'X, 
=ÏL¢�éJéÙ?

1O(�½.

L 3 C19M Ä�(��o^Ý µt 9��fþ�Û�^Ý µl (ü : µB)

�f
C19Cr(µt = 2.000) C19Cr(µt = 4.000) C19Mo(µt = 2.000) C19W(µt = 2.000)

µl

C1 −0.218 −0.190 −0.179 −0.184
C2 −0.033 0.082 −0.005 0.005
C3 0.077 −0.069 0.098 0.104
C4 −0.041 0.046 −0.021 −0.031
C5 −0.004 0.061 0.040 0.072
C6 −0.218 −0.189 −0.179 −0.184
C7 −0.033 0.082 −0.005 0.005
C8 −0.508 0.058 −0.448 −0.413
C9 0.090 −0.016 0.095 0.095
C10 −0.458 0.365 −0.409 −0.382
C11 −0.089 0.089 −0.065 −0.022
C12 0.214 −0.051 0.301 0.285
C13 −0.004 0.061 0.040 0.072
C14 0.090 −0.016 0.095 0.095
C15 0.077 −0.069 0.098 0.104
C16 −0.041 0.046 −0.021 −0.031
C17 −0.025 0.016 0.001 0.001
C18 −0.025 0.016 0.001 0.001
C19 −0.088 0.089 −0.065 −0.022
M20 3.236 3.587 2.628 2.428
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dL 3 wÑ, éu C19Cr ìq, ìq�o^Ý

k 2 Ú 4 ü« (õ­Ý©O 3 Ú 5). C19Mo Ú C19W

�o^Ýþ� 2. lü�(�þ5©Û, é¡ �þ

��fÛ�^å´�Ó�, ~X, o«Ä�(�¥

� 3 Ò C �f� 15 Ò C �f �é¡, Û�^Ý

�Ó; 17 Ò C �f� 18 Ò C �f �é¡, Û�

^Ý����Ó. Ïdü��fþ�Û�^å�ì

q�é¡5Ú�f��é ����'. lL¥�

�±wÑ, M �f�Û�^Ýþ���, ¿�ê�

þ' C �f�Û�^Ý�éõ, `² C19M �o^

Ý�Ü©´d M �fJø.

3.4 C19M ���ccc���;;;���©©©ÛÛÛ

C19M �c�©f;�U?Xã 2 ¤«, ��

é', ã 2 ��Ñ
 C20 �c�©f;�U?. ¢

�L«Óâ;�, J�L«�Óâ;�. ã 3 ±Ñ


§�� HOMO Ú LUMO ;�/mã.

C20 C19Cr
(S=3)

C19Cr
(S=5)

C19Mo
(S=3)

C19W
(S=3)

-8eV

-6eV

-4eV

-2eV

LUMO+2

HOMO

HOMO

HOMO-1
HOMO-2

HOMO-1
HOMO-2

HOMO

HOMO-1

HOMO-2

HOMO

HOMO-1

HOMO-2

HOMO

HOMO-1

HOMO-2

LUMO+1
LUMO

LUMO
LUMO+1

LUMO+2

LUMO
LUMO+1
LUMO+2

LUMO

LUMO+1
LUMO+2

LUMO

LUMO+1
LUMO+2

ã 2 C20 Ú C19M �U?©Ù

dã 2 wÑ, C19Cr(S = 3) ©f� LUMO+1 ;

�� LUMO+2 ;�U?´{¿�, þ� −3.755 eV.


 �, d ã 2 � � ± w Ñ, Ø LUMO+2 	, Ù

{ C19M �;�U?� C20 �'Ñk¤,p, ~

X C20 � HOMO−2 ; � U ? � −7.619 eV, 


3 C19M (M =Cr, Mo, W) ¥, ·�O���o«

Ä��.� HOMO−2 ;�U?©O� −6.041 eV,

−6.367 eV,−6.476 eV Ú −6.204 eV, � C20 �',

p
, ù`² M �fé�,�� C19M ©f�>

f5�å�
�½�K�, ù�±ÏL©Û7á M

éu C19M �;��z�Ñù�(Ø. dc�©f

;�nØ��: ©f� HOMO Ú LUMO NC�©

f;�û½
§�zÆ5�, HOMO Ú LUMO �

U?Ú>f�Ý©Ù�©O�N©f��Ø5Ú

�>Ü , �ü©fmu)zÆ�A�, >f¬l

��©f� HOMO =£�,��©f� LUMO

þ, ¤±3zÆ�A¥, ©f���>fA5gu

§� HOMO, 
���>fAÓâ�§� LUMO

þ. lã 3 �±��wÑ, �õê�;�þ, M �f

éu;�þk�½§Ý��z. ÏLO���, õ

­Ý� 3 � C19Cr ©f, LUMO+1 ;�Ú LUMO+2

;�´{¿�, ÑÌ�d Cr �f� D − 1 ;�9 1

Ò C �f� Py ;��z, üö�;�/m�é�

q (dã 3 �±wÑ). C19M �;�/mõêà8

3 M �f9Ùºà C �f�±�. ~X, C19Mo

� HOMO−2 ;�Ì�d 12 Ò C �f� Py ;�

9 Mo �f� D + 2 ;��z; C19W � HOMO ;

�Ì�d 8 Ò C �f� Px ;�9 10 Ò C �f
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� Py Ú Px ;��z. ù`², M �f��,¦�

ùüà¤�
<f¥zÆ¹5�r�Ü , k|u

?�Ú�\¤�A. I�5¿�´, ¦+3õ­Ý

� 5 � C19Cr ©f¥, Cr �f¿vkU
�Ù±�

� C �f¤�, �´Ùéu��;���z��u

õ­Ý� 3 � C19Cr ©f¿vk��Cz, ù`²,

=¦7á�f�%<�mvk/¤zÆ�, �´©

f�>f5�ÚÙ¦¤��%<zÜÔ�'¿v

kõ�«O. ,	, �X M �fSê�O\, M �

f;�3c�;�¥�'­�k¤O\, ù`² M

�fé��;���z���X M �fSê�O

\
O\.

C19Cr(S/) HOMO C19Cr(S/) LUMO C19Cr(S/) HOMO C19Cr(S/) LUMO

C19Mo HOMO C19Mo LUMO C19W HOMO C19W LUMO

C19Cr(S=3) LUMO+1 C19Cr(S=3) LUMO+2 C19Mo HOMO-2

ã 3 C19M � HOMO, LUMO ;�/mã

3.5 C19M ��� Milliken >>>ÖÖÖ

ã 4 x Ñ 
 C19M (M=Cr,Mo,W) ¥ 20 �

� f � Mulliken > Ö. d ã 4 � ± w Ñ, C19M

(M=Cr,Mo,W) ¥ÃØ7á���f´ Cr, Mo �

´ W, §��>Ö©Ù«OØ�, Ù<þ C �f�

À>ÖþØ� 0, ¿�<þ�À>ÖÌ�8¥3 M

�f±9� M �f�ë� 1, 6, 8Ò C �fþ. M

þ8¥
�þ��>Ö, ©O� 0.727(Cr�f� C

�f¤�),0.723(Cr�f� C �fØ¤�),0.842,

0.941,¿�Ù�>�ê��X M �fSê�O�


O�, ù`² C19M ©f¥� M �f�±��

�>�A�¹5¥%.

3.6 C19M ���������AAA555

�©æ^ GIAO–B3LYP �{, $^ LANL2DZ

Ä|é C19M ìq©f�Ä��.�ØÕázÆ

 £ (nucleus independent chemical shifts, NICS)?

1
O�, NICS ´�«©f��5��â, §é

ukÅzÜÔ!ÃÅzÜÔ9ìqþkéÐ�

·^5. �©rÁ&�f�ë�:À3Ä��.
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�¥% (0.00Å) Ú�²¡½öý²¡�R�ål

� 0.25Å, 0.50Å, 0.75Å, 1.00Å?, NICS�K�L

«��5, ��L«���5, � NICS ��C"

�, Ly����5 [13].

dL 4 �±wÑ, C19M ©f� NICS �þ�

K, Ñäk²w���5.NICS �ýé���, ��

5�r. 
� C19M ©f� NICS �ýé�Ñ'X

%LVL C20 �, `²²L7á�,�� C19M ©

f���5�'X%LVLr. ¿�Á&�f��

.¥%R�ål� 0.00Å, 0.25 Å, 0.50 Å, 0.75 Å,

1.00Å?Ñ´ C19Cr �ü«�.� NICS �ýé�

��, ¤± C19Cr ©f���5�r. ¿� C19M

©f� NICS �ýé��X M �fSê�O\


~�, `² C19M ©f���5�X M �fSê

�O\
~f.

C2

-0.4

0.0

0.4

0.8

C4 C6

电
荷
/
C

C8 C10 C12 C14 C16 C18M20

C20
C19Cr（S=3）
C19Cr（S=5）
C19Mo

C19W

ã 4 C19M (M=Cr,Mo,W)¥ 20 ��f� Mulliken >Ö

L 4 C19M Ä��.� NICS �

©f S
NICS

(0.00Å) (0.25Å) (0.50Å) (0.75Å) (1.00Å)

C19Cr 3 −28.533 −27.731 −26.651 −25.448 −24.001
C19Cr 5 −28.645 −27.713 −26.306 −24.453 −22.083
C19Mo 3 −26.581 −24.997 −24.177 −24.130 −23.441
C19W 3 −20.053 −20.053 −20.053 −20.053 −20.053
C20 1 −11.217 −10.482 −8.281 −4.762 −0.494

4 ( Ø

�©æ^�Ý�¼nØ (DFT) ¥� B3LYP

� {, 3 LANL2DZ Ä | Y ² þ ` z 
 C19M

(M=Cr, Mo, W) ìq�AÛ(�, �Ñ
§��

Ä�(�, ¿ïÄ
Ä�(��Ôn!zÆ5U,

ïÄ(JL²:

1. Ï L é C19M � A Û � . ` z, ( ½


 C19M �Ä�(�, (JL²§�þ�±X<G

(�, ²L�,, C19M ©f%<u)
��à .

2. ÏLé C19M �(�­½5�©Û��, �

,ØÓ� M �f, Ù C19M ©f�ÄåÆ­½5

��Ø�, �Ñ�±­½�3; 
§��9åÆ­

½5�X M �fSê�O\
Åì,p.

3. ÏLé C19M �^5©Û��, ü��fþ

�Û�^å�ìq�é¡5Ú�f��é ��

��'; C19M �o^Ý�Ü©´d M �fJø.

4. ÏLé C19M �c�;�©Ûuy, M �

fé��;�þk�½��z, M �fé��;�

��z���X M �fSê�O\
O\.

5. ÏLO� C19M ©f� Mulliken >Ö��,

C19M ¥7á�f M (M=Cr,Mo,W) þ8¥
�þ

��>Ö, 
K>ÖÌ�8¥3�7á�f�ë�

n� C �fþ.

6. ÏLé C19M � NICS��O���, C19M

©fÑäk²w���5, ���5�X M �f

Sê�O\
~f.

[1] Kroto H W, Heath J R, Obrien S C 1985Nature 318 162

[2] Ray C,Pellarin M, Broyer M 1998Phys. Rev. Lett. 80 5365

[3] Cao Q S, Deng K M 2010Acta Phys. Chim. Sin. 26 461 (in

Chinese) [ù�t, "m² 2010 ÔnzÆÆ� 26 461]

[4] Wu H S, Jia J F 2004J. Struct. Chem. 23 580 (in Chinese) [É°

^, _ï¸ 2004 (�zÆ 23 580]

[5] Ge M, Zhang J F, Miao X Y, Sun S Y, Yang H, Jia X F 2009Com-

puters and Applied Chemistry. 26 751

[6] Yang J L, Li Q X, Chen Z Y 2004Science and Technology Review

10 19 (in Chinese) [
79, o+�, �ç= 2004 �E�� 10

19]

[7] Zhang H Y, Wang L G, Zhang X M, Yu D W, Li Y 2008Acta Phys.

Sin. 57 6271(in Chinese)[Üõ�, �|1, ÜDr, �»©, o]

2008 ÔnÆ�57 6271]

043601-7



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 4 (2012) 043601

[8] Billas I M L, Massobrio C, Boero M 1999Journal of Chemical

Physics 111 6787

[9] Chen Q, Li J E 1997Chinese Journal of Structural Chemistry 16

445

[10] Wu S, Teng Q W 2006Chin. J. Chem. Phys. 19 301

[11] Chen Z F, Ma K Q, Shang Z F, Pan Y M, Zhao X Z, Tang A Q

1999Acta Chim.Sinica 57 712(in Chinese) [�¥�, ê��, ÿ

�¹, �Î², ëÆB, /^� 1999 zÆÆ� 57 712]

[12] Gao C H, Zhang X R 2010J. Comput. Theor. Nanosci. 7 612

[13] Zhang X R, Cui Y N, Hong L L 2009J. Comput. Theor. Nanosci.

6 640

Calculation study of the geometry structures and
electronic properties of heterofullerenes C19M
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Abstract

The possible geometrical structures of C19M (M=Cr,Mo,W) molecules are optimized by using the density functional theory

(B3LYP) at the LANL2DZ level. For the ground state structures of C19M (M=Cr, Mo, W) clusters, the physical and the chemical

properties are studied. The results show that the kinetic stabilities of the C19M clusters with differentM atoms are almost the same.

Theis thermodynamic stabilities are obviously increased with the increase of atomic number. It can be found from the frontier orbital

that theM atoms have the effects on the orbits more or less.M atom contribution to the orbits roughly increases withM atomic

number increasing. A great many of positive charges accumulate on theM atoms in C19M clusters. Their aromaticity decreases with

the increase of atomic number.
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