
e d e u r v a tu r e 15 m o r e s t a ble th a n tha t w ith th e b a d 一d is t r ib u t e d e u r v a t u r e
.

5 0 the m o s t

s t a b le is o m e r e a n b e e x a e t id e n t ifie d u p o n th e fir s t一 p r in e ip le the o r e t ie a l e a le u la t io n a n d

th e sha p e o f th e is o m e r
.

T he q u a n t ity o f a n a lys is th e e ffe e t o f th e d iffe r e n e e o f the 15 0
-

m e r s h aP e to the s t a b ility sh o u ld b e s tu d ie d fu r th e r
.

4 C o ll C lu s io n

W
e h a v e P r o P o s e d th a t th e D

Z 一
C

s ;
ha s the e hir a l e ha r a e t e r by the m o d e l o f C

: ;
.

T h e

fir s t 一P r in e iPle th e o r e tie a l e a le u la tio n r e s u lt s s ho w n tha t th e D
Z一 a n d D

Zd 一 C
s4
h a v e the

5 im ila r e o he s iv e e n e r g y a n d g a P
.

A n d th e s ha Pe s o f th e tw o is o m e r s a r e sim ila r
.

5 0 the

tw o is o m e r s s ho u ld h a v e th e s a m e s ta b ility
.

S in e e the D
Z一

C
o 4

h a s e h ir a l e ha r a e t e r ,
th e

r a t io o f th e tw o is o m e r s 15 2 , 1 in e x Pe r im e n t
.

W e ha v e a ls o d is e u s s e d th e s t a bility a n d

s ym m e t r y o f th e is o m e r s o f fu lle r e n e w ith C
。、 , a n d Po in t o u t tha t n o t o n ly the s t ab le 15 0 -

m e r s ho u ld s a t is fie d th e elo s e d e le e t r ie sh e lls
, s m a lle s t e o h e siv e e n e r g y a n d the la r g e s t

g a p
,

b u t a / 5 0 th e e u r v a t u r e o f the m o s t s t ab le is o m e r s h o u ld be sP r e a d e d a s u n ifo r m ly

o v e r t he e a g e a s Po s s ible
.

D Z 一 c 8 4

的手征同素异形体

杨 丽 佳 姜宗福

(国防科技大学应用物理系 长沙 41 0 0 73)

摘 要 本文指出 D 之一

Cs
4

具有手征特性
,

这个结论可以很好地解释为什么实验上获得的 D Z一
和

D Zd 一C : 。

的产量之比为 2 : 1
.

我们以 C 。‘

为例就福勒烯 (fu lle r e n e )的同素异形体(is o m e r )的结构
、

对称性

及稳定性进行了定性的讨论
。

关键词 福勒烯
,

C S‘ ,

手征

分类号 0 5 6 1
.

1

R efe r e n e e s

1 K r a ts e h m e r
W

,

L a m b L D e t a l
.

N a t u r e (1 9 9 0 ) 3 4 7
:

3 5 4

2 D ie d e r ie h F
, e t a l

.

S e ie n ee l9 9 1
,

(2 5 2 )
:

5 4 8

3 K ik u e hi K
, e t a l

.

C h e m Ph ys L e t t
.

1 9 9 2
,

(1 8 8 )
:

1 7 7

4 F o w le r P W
,

M
a n o lo p o u lo s D E

,

B a t te n R C J
.

C he m S o e F a r a d a y T r a n s
.

1 9 9 l
,

(8 7 )
:
3 1 0 1

5 S e hm a lz T
.

G
.

e t a l
.

J A m C h e m s o e
.

1 9 8 8
,

(1 1 0 )
:

1 1 1 3

6 Fo w le r P W
,

C r e m o n a J E
,

S te e r J I
.

T h eo r C h e m
.

1 9 88
,

A e ta ,

(7 3 ) (1 )

7 Z h a n g B L
,

W
a n g C Z

,

H o K
.

M
.

C h e m Ph y s L e tt ,

1 9 9 2
,

1 9 3
:

2 2 5

8 W
a n g X Q

,

W
a n g C Z

, e t a l
.

Ph ys R e v L e t t
.

1 9 9 2
.

6 9 (6 9 )

9 K iku e h i K
, e t a l

.

N a t u r
.

1 9 9 2
,

3 5 7 (1 4 2 )

1 0 G o o d w in L
.

Ph y s R e v
.

1 9 9 1
,

B 4 4
:

1 1 4 3 2

1 2 8
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A C h ir a l S tr u c tu r e fo r th e F u lle r e n e D Z 一C s4 .

Y a n g L iiia Jia n g Z o n g fu

(De p a r tm e n t o f A p p lie d Phys ie s ,
N U D T

,

C h a n g s h a ,
4 1 0 0 7 3 )

A b s tra c t A e h ir a l s t r u e t r u r e fo 犷th e fu lle re n e D
Z一
C

s4 15 p r o p o s e d
.

T he e o n -

elu s io n e x p la in s w hy the fo r m e d r a t io o f D Z一 t o D Zd 一
C

s4 in th e e x p e r im e n t 15 2

1
.

T he s tr u e t u r e a n d s yn im e t r y a n d s t ab ility o f fu lle r e n e is o m e r 15 d is e u s s e d
.

K e y w o r d s F u lle r e n e ,

C : 4 , e hir a l is o m e r

1 In t r o d u e tio n

F o llo w in g th e d e v e lo p m e n t o f a m e tho d fo r b u lk s yn the s is o f C
6。〔, 〕

,
th e is o la t io n o f

hig h e r fu lle r e n e s r a n g in g fr o m C
, 。 t o C

, 。
ha s b e e n a e h ie v e d u s in g eh r o m a to g r a p hie t e eh

-

n iq u e s 〔2一 ‘〕
.

T he s t r u e t u r e s o f C
。。 a n d C

7 。
ha v e b e e n d e te r m in e d [3 ]

.

B o t h e o rlfo r m t o th e

fu lle r e n e p a t t e r n o f th r e e一 e o n n e e t e d p o lyhe d r a l e a g e w ith n a t o m s (fo r n
) 2 0 ) a r r a n g e d

in 1 2 p e n t a g o n s a n d (1 / 2 )n 一 10 h e x a g o n a l
r in g s , a n d t he n a t o m s a r e o n th e v e r te x o s o f

th e Po lyh e d r a l
.

T h e r e s u lt s o f t h e o r y a n d e o m Pu te r s im u la t io n sh o w th a t th e fu lle r e n e

o f n e a r b o n a t o m s ha s m a n y is o m e r s b a s e d u p o n th e d iffe r e n t s e t s o f t he Pe n t a g o n s .

Fo r

e x a m p le C
7 :

h a s tw o tho u s a n d s is o m e r s
.

H e n e e it 15 v e r y d iffie u lt t o d e t e r m in e d w h ieh i
-

s o m e r 15 m o s t s t a ble fo r 5 0 m a n y is o m e r s by th e fir s t
一

Pr in e iPle e a le u la t io n
.

T hu s th e

s t a b ilit y o f is o m e r s 15 fir s t d is e u s s e d u p o n g e n e r a l eh e m ie a l a r g u m e n t s
.

It 15 p o in t e d o u t

th a r th e s t a ble fu lle r e n e m u s t s a t isfie d [ 5
,
6〕: (1 ) th e e o v a le n t b o n d o f t he e a r b o n s in th e

fu lle r e n e m u s t b e s im ila r ly to s p Z
h yb r id i

z e d
,

thu s th e n e tw o r
k s e a n fo r m a e a g e s t r u e -

t u r e , a n d th e e a g e 15 e o n s t it u te d o f p e n t a g o n s a n d h e x a g o n s ; (2 ) t h e p e n t a g o n s a r e n o t

a b u tt e d a s p o s s ib le ; (3 ) e lo s e d e le e tr o n ie s he lls ; (4 ) a s m a ll e o h e s iv e e n e r g y ; (5 ) a

la rg e b a n d g a p b e tw e e n H O MO a n d L U M O ; a n d (6 ) th e g e o m e t r ie s t r u e t u r e o f th e e a g e

s
ho u ld b e a s little e u r v a t u r e a s p o s s ible

, 5 0 th a t the a 一 s k e le t o n a e h ie v e s m o s t n e a r ly

th e id e a l s p Z g e o m e t r y
, a n d th e o v e r la p b e tw e e n a d ja e e n t 二一 lik e o r bir a l 15 a s la r g e a s

p o s s ib le
·

It
.

is g e n e r a l th o u g h t th a t th e fu lle r e n e s a t is fy e r ite r ia (1 ) ; the e r it e r ia (2 ) r e -

la t e s to the s ym m e t r y o f fu lle r e n e ; th e e r it e r ia 3
一

5 m u s t b e d e te r m in e d b y the firs t
一

p r in
-

带 R e e e iv e d 1 1 A p r il 1 9 9 5

1 2 4



e iPle e a le u la t io n
.

T h e e r it e r ia (3 ) 15 th e m o s t im p o r ta n t
,

b e e a u s e th e fu lle r e n e 15 u n s t a -

b le if th e e r it e r ia (3 ) 15 n o t s a t isfie d
.

W
e w ill d is e u s s e d the e r it e r ia (6 ) in the fo llo w in g

.

F o w le r e t
.

a l仁
G ]

.

h a v e fir s t p r o p o s e d s e v e r a l fo r m u la e fo r d e te r m in in g the s t ab ility o f th e

fu lle r e n e b y g e o m e t r y the o r y a n d H u e kle m o le e u la r o r b it a l th e o r y
.

H o w e v e r ,
the ir th e o -

r y e a n n o t fir m ly Pr e d ie t th e m o s t s ta b le is o m e r in the is o m e r s
.

Fo r e x a m Ple
,

th e

F o w le r ’5 th e o r y p r e d ie ts tha t th e s ta ble is o m e r s o fC
o 4 a re s u e e e s s iv ely T

d 一 ,

D
6 h一 ,

C
Zv 一 ,

D Zd一 ,

D
Z一 a n d h e lie a l D

: 一

C
s 4

.

In fa e t th e m o s t s t a ble is o m e r s a r e t he D
Zd 一 a n d D Z一

C
s ;

.

W
e P o in t o u t tha t th e D

Z一
C

s ;
ha s eh ir a l s tr u e hu r e ,

w h ieh m e a n s the D
Z一
C

s ;
h a s tw o 15 0

-

m e r s , a n d w e a ls o d is e u s s e d the s t a bilit y a n d s ym m e t r y o f the is o m e l
·

5 o f fu lle r e n e u Po n

th e g e o m e t r y s t r u e t u r e
.

2 T h e e h ir a l s tr u c tu r e o f D Z 一C o 4

z ha n g e t
.

a l
.

[,
·
8〕 h a v e d e ta il e a le u la t e d th e p r o b a b ility s ta b le is o m e r ,

w hie h ha v e

Pr e lim in a r y s ifte d by Fo w le r ,

w ith
’

fir s t 一 P r in e iPle th e o r y
.

T h e e a le u la t e d r e s u lt s a r e

sh o w n in t ab le l
,

he r e 15 th e r e s u lt s fo r C
s ; o n ly

.

It e a n b e s e e n fr o m t a b le 1 th a t the o r -

d e r o f the e o he s iv e e n e r g y fr o m la r g e t o sm a ll 15 D
Z一 ,

D
Zd 一 ,

C
Z一 ,

D
6 h一 ,

T
d 一 a n d h e lie a l

D Z一
C

S ; ; a n d th e o r d e r o f g a p o f e n e r g y fr o m la r g e t o s m a ll 15 T d一 ,

h elie a l D Z一 ,

D
6h 一 ,

D
Zd 一 ,

D Z一 , a n d C
Z一
C

s‘
.

In s Pit e o f th e r e s u lt s o b t a in e d w ith d iffe r e n t m e th o d a r e d iffe r -

e n t
,

th e tr e n d o f t he v a r ie ty o f t h e e o h e s iv e e n e r g y a n d g a p 15 the s a m e a s s ho w n in t a b le

1
.

O n ly u p o n t he t a ble 1 it d o e s n o t id e n t ify w h ie h is o m e r 15 th e m o s t s t a ble
.

It 15 e le a r

fr o m ta ble 1 tha t th e is o m e r w ith s m a lle s t e o he siv e e n e r g y o f 15 n o t w ith the la r g e s t g a p
.

D Z a n d D Zd一
C
。; a r e th e m o s t s t a b le is o m e r s by the e o he s iv e e n e r g y

.

R e e e n tly the tw o 15 0
-

m e r s h a v e b e e n o b t a in e d in e x p e r im e n t a n d the r e s t r u e t u r e s h a v e b e e n d e t e r m in e d b y ”C

N M R 〔9 ]
.

T h e fo r m e d r a tio o f D
Z一 a n d D

Z d一
C

s ; 15 2 , 1
.

T a ble 1 S tr u e tu ra l a n d e le e tr o n ie d a ta f o r C o4 (a fte r r e f[ 7 ] )

E n e r g y
己 ) △E b ) S ym m e t ry H O MO 一 Lu MO

c , NM R d )

0
.

3 2 5 D Z 0
.

8 2 3 2 1

0
.

0 3 3 D Zd 0
.

8 4 4 1 1

0
.

2 6 3 C Z 0
.

6 6 0 4 2

0
.

3 0 0 D 。,、 1
.

1 4 0 5

1
.

2 2 4 T d 1
.

4 8 9 4

1
.

9 0 2 D Z (h e lie a l) 1
.

2 7 7 2 1

‘ a ) T he e n e r g y h e r e 15 th e eo h e s iv e e n e r g y o f t he fu lle r e n e w ith r e s p e e t to the 8 4 e a r bo n s

g r a p h ite in th e u n it e v
/
a to m

.

b ) △E 15 t he e o h e s iv e e n e r g y o f th e iso m e r r e la tiv e t o th e g r o u n d 一 s ta te D Z一 C : ‘
.

e ) H OMO 一 L U MO e n e r g y se p a r a tio n 15 in th e u n it o f e v
.

d ) T h e v a lu e n u d e r N M R 15 t he n u m b e r o f dls tin et o f N M R lin e s
.



Fig
.

l (a ) T h e g e o m e t r y s t r u e tu r e o f D Z一 C o 4

(d ) 尽r e t he p r o
j
e e tio n o f (a ) a n d (b )

; (b ) 15 th e
仃 1 lf f O Y im a g e o f (a ) ; (e ) a n d

o n tl、e p a p e r r e sp e e tiv e ly

O n the o th e r ha n d
,

w e w ill n o t e fr o m t a ble 1 t ha t the e o h e s iv e e n e r g y a n d g a p o f

D Z一 a n d D Z d 一C
s ; a r e a lm o s t s a m e ,

w h ieh m e a n s th a t t h e tw o is o m e r s h a v e t h e s a m e s ta
-

b ility
.

5 0 the o u tP u t o f t h e tw o is o m
e r s s

h o u ld b e t he s a m e
.

In fa e t t he r a t io 15 2 : 1
.

W h e n w e s t u d y t h e s t a bility a n d s ym n z e tr y o f is o m e r s ,
t he eh ir a l s t r u e t u r e o.f D Z一

C
S ;

ha s

b e e n e x am in e d b y th e g e o m e tr y m o d e l o f the is o m e r s a s sh o w n in fig
.

1
,

H e r e t he fig
.

(b ) 15 th e m ir ro r im a g e o f (a )
.

Fig
.

(e ) a n d (d ) a r e t lle p r o je e tio rl o f (a ) a n d (b ) o n t he

p a p e r r e s p e e t iv e ly
.

F o r e le a r w e d e n o te th e fo u r p e n ta g o n s in fig
.

(e ) a n d (d ) w ith A
,

B
,

C
,

D
, a n d A 产 ,

B ‘ ,

C ‘ ,

I) ‘ r e s p e e t iv e ly
.

H e r e
A

‘ ,

B ‘ ,

C ‘ a n d D ‘ a r e m ir r o r im a g e o f

A
,

B
,

C
,

D r e s Pe e t iv e ly
.

S in e e D
Z一 C 8 4

h a s e hir a l e ha r a e t e r iz a t io n ,

it }la s tw o is o m e r s

a n d the s t a b ility o f the tw o is o m e r s a r e s a m e
.

T h u s it e a n b e e x 一)la in
e
d w h y the o u t p u t

r a t io o f D Z 一 a n d D Zd一
C

s ; in e x Pe r im e n t 15 2 : 1
.

3 T h e st a b ility a n d sym m e t r y o f is o m e r

Fr o m t a ble 1 w e ha v e p o in te d a b o v e t h a t th e s n 飞a ll
e s t ( o h

e s iv e e n e r g y a ri
d t he



O :

D 加

C空

D Z( H一‘c. 一)

0 队 孔

F19
.

2 T h e s t r u e t u r e p a t te r n s o f s ix is o rn e r s fo r C S; (a fte r r e f
.

[ 7〕)

la r g e s t g a p e o u ld n o t s a t is fie d s im u lta n e o u s
ly

.

T h u s it 15 d iffie u lty t o d e te r m e n t w h ieh i
一

s o m e r 15 the m o s t s t a b le b y t }l e fir t
一

p r in e ip le e a le u la tio n
.

It w a s p o in te d t h a t t h e s t a ble

is o m e r s
h o u ld ha v e a s

h ig he r s ym n le t r y a s p o s s ib le仁
5 ]

,

In fa e t it 15 n o t t r u e
.

W e p o in t

h e r e tha t th e e u r v a tu r e o f th e g e o m e t r y s t r u e tu r e o f a s t a ble is o m e r sh o u ld b e a s w e ll一

d is t r ib u te d a s Po s s ible
.

In th e is o m e r s o f C 。。 ,

Ih 一C
。。 w ith h ig he s t s ym m e tr y 15 th e m o s t

s t a ble o n e [ ‘。〕
.

B u t in C
s ; t he s it u a t io n 15 d iffe r e n t

.

It 15 s e e n fr o m ta b le 1 th a t th e D Z -

a n d D Zd一
C

S ; w o u ld b e th e m o s t s t a ble is o m e r s u P o n t he e o he s iv e e n e r g y
,

b u t t he T d一 a n (l

D
6h 一

C
S ; sh o u ld be t he m o s t s ta b le u p o n th e g a p

.

T he e x p e r im e n t r e s u lt s sh o w n tha t th e

D Z一 a n d D Z d一
C
。; a r e th e m o s t s t a ble

.

T h u s t h e is o m e r s o f C o 4 w it h h ig he r s y n l m e t r y m a y

n o t b e th e m o s t s ta b le
.

H e r e w e d is e u s s th e s t a bilit y o f is o rn e r o f C
o 4 u Po n t he sh a Pe o f

is o m e r
.

T h e sha p e o f is o m e r D
Z 一 ,

D
Z d一 ,

L)2 一
,

D 6 h一 ,

1
’
d 一 a n d h e lie a l D

: 一
C

S ; a r e s ho w n in

fig
.

2
.

It 15 e a s e s e e n f
r o m t ll e n i o d e l

s o f t he s e is o m e r s t h a t t h e e u r v a t u r e o f D : 一 a n d D Z d -

C
8 4 a r e t }le n lo s t w ell一 d is t r ib u te d a n d th e s ha p e s o f the tw o is o m e r s a r e s im ila r ly

.

T he

is o m e r s w ith o t he r s y m m e t r y h a v e n o s u e h e h a r a e t e r
.

Fo r e x a m p le t h e s ha p e o f T
《
一C

S ; 15

5 im ila r t o tlle t r u n e a t e d ie o s a h e d ro n
.

T I飞
e e he m ie a l b o n d o f T

‘1 一

C
S ; a t th e e d g e o f the i

-

e o s a lle d r o n }
la s

la
r g e r e u r v a t u r e , a n d 5 0 th e a old i

llg e la s t ie p o t e n t ia l e n e r g y 15 e r e a r e d
.

T he s
}l a p e o f l)

。h 一 C 。、 15 s in 、ila
r t o th e th ie k d ie k

, a n d t h e b o n d a t t he e d g e o f t h e d ie k ha s

la r g o r e u r v a t u r e , 5 0 t lle a d d in g p o t e n t ia l e n e r g y 15 in d u e e d
.

B e e a u 、、 o f t h e a d (li n g e la
s t ie p o t e n t ia l e n e r g y

. t h e 15 0 开le r w it h t h e w e ll一 d is t r ib u t
-



e d e u r v a tu r e 15 m o r e s t a ble th a n tha t w ith th e b a d 一d is t r ib u t e d e u r v a t u r e
.

5 0 the m o s t

s t a b le is o m e r e a n b e e x a e t id e n t ifie d u p o n th e fir s t一 p r in e ip le the o r e t ie a l e a le u la t io n a n d

th e sha p e o f th e is o m e r
.

T he q u a n t ity o f a n a lys is th e e ffe e t o f th e d iffe r e n e e o f the 15 0
-

m e r s h aP e to the s t a b ility sh o u ld b e s tu d ie d fu r th e r
.

4 C o ll C lu s io n

W
e h a v e P r o P o s e d th a t th e D

Z 一
C

s ;
ha s the e hir a l e ha r a e t e r by the m o d e l o f C

: ;
.

T h e

fir s t 一P r in e iPle th e o r e tie a l e a le u la tio n r e s u lt s s ho w n tha t th e D
Z一 a n d D

Zd 一 C
s4
h a v e the

5 im ila r e o he s iv e e n e r g y a n d g a P
.

A n d th e s ha Pe s o f th e tw o is o m e r s a r e sim ila r
.

5 0 the

tw o is o m e r s s ho u ld h a v e th e s a m e s ta b ility
.

S in e e the D
Z一

C
o 4

h a s e h ir a l e ha r a e t e r ,
th e

r a t io o f th e tw o is o m e r s 15 2 , 1 in e x Pe r im e n t
.

W e ha v e a ls o d is e u s s e d th e s t a bility a n d

s ym m e t r y o f th e is o m e r s o f fu lle r e n e w ith C
。、 , a n d Po in t o u t tha t n o t o n ly the s t ab le 15 0 -

m e r s ho u ld s a t is fie d th e elo s e d e le e t r ie sh e lls
, s m a lle s t e o h e siv e e n e r g y a n d the la r g e s t

g a p
,

b u t a / 5 0 th e e u r v a t u r e o f the m o s t s t ab le is o m e r s h o u ld be sP r e a d e d a s u n ifo r m ly

o v e r t he e a g e a s Po s s ible
.

D Z 一 c 8 4

的手征同素异形体

杨 丽 佳 姜宗福

(国防科技大学应用物理系 长沙 41 0 0 73)

摘 要 本文指出 D 之一

Cs
4

具有手征特性
,

这个结论可以很好地解释为什么实验上获得的 D Z一
和

D Zd 一C : 。

的产量之比为 2 : 1
.

我们以 C 。‘

为例就福勒烯 (fu lle r e n e )的同素异形体(is o m e r )的结构
、

对称性

及稳定性进行了定性的讨论
。

关键词 福勒烯
,

C S‘ ,

手征

分类号 0 5 6 1
.

1

R efe r e n e e s

1 K r a ts e h m e r
W

,

L a m b L D e t a l
.

N a t u r e (1 9 9 0 ) 3 4 7
:

3 5 4

2 D ie d e r ie h F
, e t a l

.

S e ie n ee l9 9 1
,

(2 5 2 )
:

5 4 8

3 K ik u e hi K
, e t a l

.

C h e m Ph ys L e t t
.

1 9 9 2
,

(1 8 8 )
:

1 7 7

4 F o w le r P W
,

M
a n o lo p o u lo s D E

,

B a t te n R C J
.

C he m S o e F a r a d a y T r a n s
.

1 9 9 l
,

(8 7 )
:
3 1 0 1

5 S e hm a lz T
.

G
.

e t a l
.

J A m C h e m s o e
.

1 9 8 8
,

(1 1 0 )
:

1 1 1 3

6 Fo w le r P W
,

C r e m o n a J E
,

S te e r J I
.

T h eo r C h e m
.

1 9 88
,

A e ta ,

(7 3 ) (1 )

7 Z h a n g B L
,

W
a n g C Z

,

H o K
.

M
.

C h e m Ph y s L e tt ,

1 9 9 2
,

1 9 3
:

2 2 5

8 W
a n g X Q

,

W
a n g C Z

, e t a l
.

Ph ys R e v L e t t
.

1 9 9 2
.

6 9 (6 9 )

9 K iku e h i K
, e t a l

.

N a t u r
.

1 9 9 2
,

3 5 7 (1 4 2 )

1 0 G o o d w in L
.

Ph y s R e v
.

1 9 9 1
,

B 4 4
:

1 1 4 3 2

1 2 8


