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æ^�Ý�¼nØ�{¥�2ÂFÝCq, é C80H80 AÛ(�Ú>f5�?1
ïÄ. AÛ(�ïÄL²:

3 C80H80 �U­½�3�ü«Ó©É�N¥, ë� 12 �Ê>/� 20 � C �fSÜ�z, Ù{ 60 � C �f	Ü�
z¤/¤�(�= H20@C80H60 �­½, ÙE,�± Ih é¡5. ÏLé H20@C80H60 �U?!c�;�Ú��Ý
©Û��: 3 H20@C80H60 ¥, H �f��f;�� C �f��f;��m3Óâ�;�þk�r�,z, H �f
é H20@C80H60 �Óâ�;���z'��. Ù�pÓâ;�Ì�d	Ü H �fÚ%<5�z, 
�$�Óâ;�
Ì�dSÜ H �f�z, L²S	 H �f3 H20@C80H60 �zÆ�A¥«úØÓ��Ú. H20@C80H60 �4��(
�, ¤k>fÑ´�é�, Ly��^5.

'�c: LVL, >f(�, �Ý�¼nØ

PACS: 61.48. –C, 73.22. –f, 71.15.Mb

1 Ú ó

�´g,.¥�´L�����, ��Uþ1
N, �±ÙÃ�'[�`³k"3#U
á�¥�
ü­��Ú. ,
, 8c�¦����z-��O
�¬, E,kNõ(JI�)û, Ù¥�'��´
Ïé��«~§e¹�þp�á�. LVLB�%
á�äkép�LN', ���>�.¡�, Ó�
�äk�n, áN��Q�±?u%<	L¡, �
�±?\�nS, l
LyÑ�Ð�;�5U.

3L��A�cm, �Æ[|^�«�{Ü¤

ØÓ�z§Ý�LVLû)Ô [1−3], ¿éÙ(�
Ú5��
��\�ïÄ. ¢�þ, Paquette � [4]

@3 1983 cÒ®²¤õÜ¤Ñ
�����L
VLzÜÔ, =���¡N�g C20H20; 1999 c,
Cross � [5] $^±©fåñÂ{ñÂ C20H20 �
�
�u 200 µg � He@C20H20;Beckhaus � [6] ÿ
þ
 C20H20 �ACU�. nØïÄ�¡, Jimenez-
Vazquez � [7] $^�Ý�¼nØ, 3 B3LYP Ú MP2
Y²eïÄ
 He@C20H20 Ú Ne@C20H20, ��


§��(ÜU©O� 33.8 Ú 98.3 kcal/mol.

Ø C20H20 	, <�é��LVLïÄ�õ�
Ò´ C60H60

[7−9], �´ C60 �U�Ü©/�z [2].
C60 <G©fäkv
���m�±¦ÙSÜ�
z, 1991 c Saunders 3ïÄ C60H60 �JÑ
 “S	
�É5” �n [10]. Äu©f(���Ä, � C60H60

� 60 � H �f¥k 10 � H �f3%<SÜ, ¿�
�%<¥%�, ÙACU�����, 10 � H �f
é C60 SÜ�z¦�Ù8��ª�un�� sp3 ,
z, �%¦ÙÊ��ª�u²¡ü�. ¤± “S	�
É5” �n3 C60H60 ¥¿ØU���{�A^.

Linnolahti � [11] @���z� C80 ´e��
���äk Ih é¡5���LVL. C60 ¥ 12 �
Ê>/´ÏL C—C ����ë, = 60 � C �f
Ñ�Ê>/�º:. � C60 ØÓ�´, C80 ¥� 12
�Ê>/´ÏL C �f�ë�� (�k 20 �ù
�� C �f). Linnolahti �@�, 4ë�Ê>/�
20 � C �fSÜ�z, Ù{ 60 � C �f	Ü�
z/¤� C80H80 (���­½, �´¦�¿v
k�ÑäN�nØ)º. Ïd, g,¬���
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¯K: 1)“S	�É5” �n´Ä�(? 2) �­½
� C80H80 AÛ(�Ä¾XÛ? 3) �­½� C80H80

>f(�q´N�? ¤±�©é C80H80 �AÛ(
�Ú>f(�?1
O�ïÄ.

2 O��{

�©O�æ^ DMol3 þfzÆO�^�. �
Ý�¼nØ (DFT) ³/Ùp°(ÝÚ$¤�`³,
®¤�ïÄ�NX�É�H�O��{��. 2Â
FÝCq (GGA) 3ïÄLVLÚ%+�¹ C (�
¥¼�
ã�¤õ [12−14], ¤±�©æ^ GGA.
O � L § ¦ ^ 
 BLYP (Becke-Lee-Yang-Parr) �
�'é³Ú DNP (double-numerical basis functions
together with polarization functions) Ä|. BLYP �
�'é³´d Becke[15] mu���FÝ?��¼
Ú Perdew-Wang[16] �Ñ�'éFÝ?��¼·Ü
/¤. DNP Ä|´^4z¼ê*Ð�Vê��f
;�, �Ò´`, ¼ê¥�3pugd�f¥��
pÓâ;� (HOMO) �Äþ�?��Äþ, ��
@�, DNP Ä|Ú Gauss 6-31G∗∗ Ä|��. >f
(�´3g^���Cqe) Kohn-Sham (KS)[17]

g)|�§��. �©��>fO�, ÏL Mul-
liken ÙØê©Û5��z��fþ�k�>ÖÚ

g^ÙØê. g)L§¥�UþÚ>f�ÝÂñ
IO� 10−6 a.u. (�`zL§vkéëê�?
Û��, æ^
 Broyden-Fletcher-Goldfarb-Shanno
(BFGS) {K, ±FÝCz�u 10−3 a.u.,  £C
z�u 10−3 a.u., UþCz�u 10−5 a.u. ��Â
ñIO.

3 (J©Û

3.1 C80H80 ���AAAÛÛÛ(((���

�©À�ü« C80H80 Ó©É�N(�: 1
�«� 80 � C �f�Ü	Ü�z (C80H∗

80); �
â Saunders J Ñ � “S 	 � É 5” � n, ¦ C80

¥ ë � 12 � Ê > / � 20 � C � f S Ü � z,
Ù{ 60 � C �f	Ü�z, l
/¤1�«(
� (H20@C80H60). $^þãO��{©Oé§�
?1(�`z.

ã 1 � Ñ 
 Ih é ¡ 5 C80 ± 9 C80H80

ü « Ó © É � N � ` z ( �, L 1 � Ñ

 C80, C80H∗

80 Ú H20@C80H60 ( � � C—C
�� (RC—C)!SÜ C—H �� (R

C—H(S))!	

Ü C—H �� (R
C—H(	)) ±9%<�» (D) .

ã 1 C80, C80H∗
80 Ú H20@C80H60 �`zAÛ(� (a) C80; (b) C80H∗

80; (c) H20@C80H60

dL 1 �±wÑ, Äkéu C—C ��, C80

� RC—C 3 1.43—1.44 Å (1 Å = 0.1 nm) � �
S, � C60 � [5, 6] �� 1.43—1.46 Å��, 
Ñ
�u C60 � [6, 6] �� 1.39—1.40 Å[18−20]. �Ü
�z�, C80H∗

80 � RC—C � 1.58 Å, H20@C80H60

� RC—C 3 1.55—1.58 Å�m, �;.� sp3 ,z.
3 C80 �Ä:þ, C80H∗

80 Ú H20@C80H60 � RC—C

Ñ k ¤ � �, � � ' ~ © O � 10.49%Ú 9.10%,

¦���%<u)
��)ä. C80 �%<�
» � 8.26 Å, C80H∗

80 Ú H20@C80H60 � % < �
»©O� 8.91 Ú 8.85 Å, 3 C80 �Ä:þ©O
� � 
 7.85%Ú 7.22%, ` ² � z ¦ � < þ �
C—C �rÝ�fz, H �fé��%<k�½�
.��^.

Ùg, éu C—H ��
ó, C80H∗
80 � RC—H

� 1.09 Å, H20@C80H60 � R
C—H(S) � 1.09 Å,
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� C80H∗
80 � RC—H ��, Ù R

C—H(	) � 1.10 Å,
'Ù R

C—H(S) �
� 0.92%. C80H∗
80 � RC—H

Ú H20@C80H60 � R
C—H(S) �`� CH4 � C—H

�� 1.09 Å[21] Ú C60H60 � C—H �� 1.09 Å[12]

��, H20@C80H60 � R
C—H(	) � CH4 Ú C60H60

� C—H ��k����, ��'~�� 0.92%.

L 1 `z�� C80, C80H∗
80 Ú H20@C80H60 (�ëê:

C—C �� (RC—C)!SÜ C—H �� (R
C—H(S))!

	Ü C—H �� (R
C—H(	)) Ú%<�» (D)

©f RC—C/Å R
C—H(S)/Å R

C—H(	)/Å D/Å

C80 1.43—1.44 – – 8.26

C80H∗
80 1.58 – 1.09 8.91

H20@C80H60 1.55—1.58 1.09 1.10 8.85

L 2 �Ñ
ùü« C80H80 Ó©É�NÚ C80

�<� HOMO, LUMO, HOMO-LUMO UY (Eg)
Ú(ÜU (BE). Ï~5`, LVL%<�9åÆ­
½5û½u§�(ÜU [22], (ÜU½Â�|¤T
©f�¤kgd�f�UþÚ~�©foUþ�
����. é²w, 3 C80H80 �ü«Ó©É�N¥,
H20@C80H60 kX���(ÜU (782.73 eV), ¤±
§�@�´9åÆ�­½�(�.

L 2 C80, C80H∗
80 Ú H20@C80H60 � HOMO,

LUMO, UY Eg Ú(ÜU BE

©f HOMO/eV LUMO/eV Eg/eV BE/eV

C80 –5.30 –5.22 0.08 567.62

C80H∗
80 –4.92 –0.98 3.94 751.46

H20@C80H60 –5.82 –0.68 5.14 782.73

Ó�, ·�5'5¤k(��UY, Ï�U
Y û ½ 
 L V L % < � Ä å Æ ­ ½ 5 (kinetic
stability)[23]. O���äk Ih é¡5� C80 �U
Y� 0.08 eV, 'Ù¦%<�UY�éõ [24−26]. ~
X, C60, C70 Ú C76 �UY©O� 1.61[26], 1.103[26]

Ú 0.796 eV[26]. l L 2 � �, Ih é ¡ 5 � C80

�ü«��z(� C80H∗
80 Ú H20@C80H60 �U

Y ' C80 U Y Ñ k 
 é � § Ý � O \, © O O
\
 3.86 Ú 5.06 eV, L²Ø­½� Ih C80 �±
ÏL�z
­½e5. 3ü«Ó©É�N(�
¥, H20@C80H60 ä k � � � U Y, ¤ ± · � @
� H20@C80H60 ´ÄåÆ�­½�(�.

±þ©Û��: H20@C80H60 ´ C80H80 ü«
Ó©É�N¥�­½�(�, l
y²
 Saunders

� “S	�É5” �n [10] ��(5, � Linnolahti
� [11] é C80H80 ©Û�(J´���. �e5Ì
�?Ø H20@C80H60 ��'>f5�.

3.2 H20@C80H60 ���>>>fff555���

ã 2 �Ñ
 C80 Ú H20@C80H60 �U?ã. 3
ùp, Uþ�3 0.05 eV ±S�U?�w�´{¿
�, {¿Ý���^î��Y²�ÝL«, ¢�L
«Óâ;�, J�L«�Óâ;�. dã 2 ��,
H20@C80H60 �U?{¿Ý� C80 �', k
wÍ
O\, ù´du C80 �Ü�zC¤ H20@C80H60 �
Ù Fermi U?NC�U?�p�^¦�U? “$
��$, p��p”, ¿�E,�±Ù�5� Ih

é¡5. C80 �UY Eg � 0.08 eV, �Ü�zC
¤ H20@C80H60 �, Ù HOMO k
�Ìeü, üÌ
� 9.84%, 
Ù LUMO %��pu C80 � LUMO,
pÑ 4.54 eV, l
/¤
��A�´ C80 UY�
8�Ê��õ!p� 5.15 eV �UY. � C80 �',
H20@C80H60 �UYJp
 5.07 eV, ùo����
`² C80 3�Ü�z��ÙzÆ�A¹5k
w
Íü$, L²Ø­½�äk Ih é¡5� C80 �±
ÏL�z¦Ù­½e5, l
���äk Ih é¡
5� C80 %<Jø
�^#�å».

ã 3 �Ñ
 H20@C80H60 � HOMO Ú LUMO
�Å¼ê©Ù. lã¥�±�Ù/wÑ, HOMO Å
¼ê©Ùu��%<ÚÜ© H �fþ, 
 LUMO
Å¼ê¥�ý�Ü©©Ùu%<SÜ, /¤���
{�¥/©Ù, �k4�þÅ¼ê©ÙuSÜ�z
� C �fþ, `² HOMO Ì�d	Ü H �fÚ%
<5�z, 
 LUMO Ì�dSÜ H �f5�z, L
² H20@C80H60 �>fÌ�u)3SÜ H �fþ,

�>fKu)3	Ü H �fÚ%<þ. `²S
	 H �f3 H20@C80H60 �zÆ�A¥¤å��
^´ØÓ�.

�
?�ÚïÄ H20@C80H60 �>f5�,
�e5äN©Û H20@C80H60 ���Ý (DOS).
ã 4 �Ñ
 H20@C80H60 Ú Ih C80 ��N��
Ý (TDOS), ±9SÜ H20, 	Ü H60 Ú%< C80

� Û Ü � � Ý (PDOS). � � Ý ã ´ Ï L l Ñ
U?� Gauss Ðm¼��, ÐmXê� 0.19 eV.
� (HOMO+LUMO)/2 � Fermi U? EF ���, ¿
5½T ��Uþ":. Äk, '� H20@C80H60

Ú Ih C80 ��N��Ý, üö���Ýu)
²
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w�Cz, AO´3 Fermi U?NCLy�c�
âÑ, C80 �UYé�, *Ð�w«, �N��Ýk
©ÅªL Fermi U?, 
 H20@C80H60 ��N��
Ý3 Fermi U?NC��Ý� 0, äk��é��
UY. l H20@C80H60 �SÜ H20!	Ü H60 �Û
Ü��Ý¥�±uy, üö�ÛÜ��Ý'��
q, 3 Fermi U?NCÑvkÑy¸�, Ù¸�Ì
�8¥3 −19.00—−2.72 eV ±9 1.90—5.40 eV �

�S. L² H �f��f;�Ú C �f��f;
��m3dU?��Sk�r�,z. Ó�, C—
H ��� C �fÚ H �f�»�Ú��ÃA, ¤
± H20@C80H60 ¥ H �f� C80 <f�m�¤�
Ì�Ny�d5. H �f��f;�Ú C �f�
�f;��m�,z, UC
 C �f�m�,z�
ª, ��%<þ�>fu)­#üÙ, l
/¤�
����UY.

ã 2 C80 Ú H20@C80H60 Fermi U?NC�U?©Ù

ã 3 H20@C80H60 � HOMO Ú LUMO Å¼ê©Ù çÚÚ
�Ú©O�L��ÚK�Å¼ê; (a) HOMO; (b) LUMO

�e5é H20@C80H60 � Mulliken >ÖÚg
^ÙØê?1©Û. äk Ih é¡5� C80, Ù¥ 20
� C �f�g�k 0.01 �>ÖÚ 0.02 �Àg
^, Ù{ 60 � C �f�g�k 0.003 �K>ÖÚ
0.03 �Àg^. ���z�, du H � C �>K

5ØÓ, ¿� C �>K5' H �, Ïd H �f�
C �f=£>f, 80 � H �f�=£
 4.85 �
>f� C80 <. ÏL©Ûuy: 	Ü�z� C �
f ¼ � � > f � �, z � C � f ¼ � � >
fê�� 0.05 �, 
SÜ�z� C �f¼��>
f � õ, � õ � ¼ � 
 � 1 � > f, ` ²
H20@C80H60 © f ¥ C—H � d � � é ' � r,
¿�SÜ� C—H �d��ru	Ü� C—H �
d�. H20@C80H60 ©f���4��(�, ¤k
>fÑ´�é�, ¤±��©f�Àg^�",
Ly��^5.

��, ·�O�
 H20@C80H60 �R�>l
U (VIP) ÚR��ÚU (VEA). R�>lU½Â�
��d�>Ö(�Ú¥5(��oUþ���. R
��ÚU´���¥5(��þ��>f, �´�
±�5�(�ØC, ,�O�Ñ§��oUþ��
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ã 4 C80, H20@C80H60 �oN��Ý, ±9SÜ H20!	Ü H60 Ú C80 �ÛÜ��Ý

�. ÏLO��� H20@C80H60 �R�>lUÚR
��ÚU©O´ 7.06 Ú 0.64 eV. ·�Ï�ò5¢
�U
�y·��(J.

4 ( Ø

æ ^ � Ý � ¼ n Ø ¥ � 2 Â F Ý C q
é C80H80 �AÛ(�Ú>f5�?1
©Û.
·�uy: 3 C80H80 �U­½�3�ü«Ó©
É�N¥, ë� 12 �Ê>/� 20 � C �fS
Ü�z, Ù{ 60 � C �f	Ü�z/¤�(�
= H20@C80H60 (���­½, ÙE,�± Ih é

¡5, ùy²
 Saunders“S	�É5” �n��(
5. O�(J�L²: H20@C80H60 kX���U
YÚ(ÜU, `²ÙU
'�­½/�3, l
�
��äk Ih é¡5� C80 %<Jø
�^#�
å». >f(�©ÛL²: H20@C80H60 ¥%<S
	 H �f��f;�Ú%<� C �f��f;�
Ñ�3�r�,z, Ù HOMO Ì�d	Ü H �f
Ú��%<5�z, 
 LUMO Ì�dSÜ H �f
5�z, `²S	 H �f3 H20@C80H60 �zÆ�
A¥«úØÓ��Ú. H20@C80H60 �4��(�,
¤k>fÑ´�é�, Ly��^5.
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Abstract

The generalized gradient approximation based on the density functional theory is used to analyze the geometric and the electronic

properties of C80H80. The geometric structure research indicates that between the two possible stable isomers, the isomer with 20

hydrogens connecting 12 pentagons and the 60 others outside is more stable structure. The analyses of the energy level, the orbital

wavefunction, and the density of states of H20@C80H60, show that the atomic orbits of the H and C atoms have strong hybridization

on the occupied molecular orbits. The low unoccupied molecular orbital of H20@C80H60 is occupied mainly by the H atoms inside

the carbon cage, while the high occupied molecular orbital of H20@C80H60 are occupied partly by the H atoms outside the cage.

Therefore, the H atoms inside and outside the cage will play different roles in the chemical reaction involving H20@C80H60. The

H20@C80H60 shows the character of the closed-shell structures with no magnetic moment.

Keywords: fullerene, electronic property, density functional theory
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