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c60 BARRELENE: 
METAL-DOPED C 60 SOLID 

STRUCTURE, STABILITY AND LAYERED 

LEONID CHERNOZATONSKII 
I n s t i t u t e  of Chemical Physics ,  Moscow, Russia 

Abst rac t  Formation, e l e c t r o n  s t r u c t u r e  and high 

:onsidered. We a1 so d i s c u s s  unusual%! d i s t r i b u t i o n  
on t h e  GaAs (110) su r face ,  ba r r e l ene  fiOresence i n  Ca 
c r y s t a l  , met al-dop ed b a r r e l i  t e. 

i a n i o n  s t a b i l i t y  of barrel-shape C c l u s t e r  a r e  

INTRODUCTION 

Carbon c l u s t e r  o f  c60 has been t h e  focus  of many experi-  
mental  and t h e o r e t i c  s t u d i e s  '. The most s t a b l e  isomer - 
f o o t b a l l e n e  h a s  t h e  f o m  of a t runca ted  icosahedron . But 
a s e r i e s  of t h e  l a t e s t  experiments h a s  shown t h a t  gas  and 
s o l i d  phases  o f  c60 inc lude  molecules  with proper t ies ,which  
can't be explained by e x i s t i n g  foo tba l l ene  model, such as: 
t h e  presence of no t  i d e n t i f i e d  l i n e s  i n  t h e  v i b r a t i o n  spec- 
t r ~ m ~ ' ~ ,  s p e c i f i c  c60 d e s t r u c t i o n  c h a r a c t e r  under i n t e n s e  

of paramagnetic p rope r t i e s7  i n  c60 powder at low tempera- 
t u r e s ,  observa t ion  of prolongated and t h i n  o b j e c t s  i n  mo- 
l e c u l e  layers8". We have proposed" a more s t r a i n e d  form 
of c60 t o  exp la in  t h e s e  p r o p e r t i e s ,  suggest ing t h a t  c60 
f o o t b a l l e n e  t a k e s  t h l s  form under  t h e  in f luence  of f o r c e s  
p r e s s i n g  a b a l l  a long i t s  diameter  o r  p u l l i n g  i t  along t h e  
c-axis, going through two p a r a l l e l  hexagons - F i g , l a .  

2 

l a s e r  e x c i t a t i o n  5 , "MR spectrum expansion6 and appearance 

TRANSFORMATION OF f -C @INTO b-C 60 

Under e x t e r n a l  f o r c e s  6 atoms of f'C60 change t h e i r  p l ace  
and 6 pentagons form " rose t t e s "  around each of two " l id"  
hexagons - Figure  1. The c y l i n d r i c a l  su r f ace  o f  t h e  b'C60 
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70/[3 101 L. CHERNOZATONSKII 

- "barrel"  i s  e s s e n t i a l l y  a fragment of r o l l e d  graphi te  
surface. Let u s  d iscuss  i n  d e t a i l  t h e  motion dynamics of 
a jumping atom and reorganization of the Kekule' s t r u c t u r e  
while a footbal lene transforms i n t o  a barrelene.  Such reor- 
ganizat ion process can be condi t ional ly  divided i n t o  three  
stages:  1)  first a break of two s ingle  bonds (1-2 and 4-5) 
i n  a second b e l t  pentagon o f  the f'C60 t akes  place under 
the f o r c e s  pressure - Fig.lb ; 2)  atoms 2,3,4 - "hinges" 
move and connecting them bonds t u r n  so t h a t  the  construc- 
t i o n  lengthens along the  c-axis, simultaneously t h e  hexagon 
adjacent t o  the  lid i s  deformed which causes pushing out  
of i t s  r i g h t  ( o r  i t s  l e f t )  a tom 5 i n t o  t h e  created hollow 
space - Fig.1c ; 3) t h e  pushed out atom achieves the  place 

a) b) C )  d >  

lc-axis  
I 

1 

2 1 ;  3 it 

E/60 1.55 1.54 
El- 92.86 92.76 

E'+ 92.38 91.94 
E2- 92872 93817 

$+ 91. 16 91-52 

0 

i t 3  :;i 
FIGURE 1. f-b transformation of CG0 
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of loca l .  ba lance ,  which de termines  t h e  c y l i n d r i c a l  g r a p h i t e  

fragment c o n f i g u r a t i o n ,  and i s  f a s t ened  t h e r e  forming s ing-  

l e  bonds wi th  atoms 1,6 and a double  bond wi th  atom ? of 
c r e a t e d  pentagon " r o s e t t e "  - Fig. Id. 

ELECTRON STRUCTURE AND STABILITY OF b-C60 

A s  i t  was shown by c a l c u l a t i o n s "  t h i s  very  d i s t r i b u t i o n  = 

- Fig.1d - i s  acqui red  presupposing conse rva t ion  of D6h 
symmetry group of t h e  c l u s t e r  b-C60. E lec t ron  s t r u c t u r e  was 

examined i n  valency approximation by extended Hukkef method. 

It i s  showed t h a t  n e u t r a l  b-C60 h a s  a c losed  e l e c t r o n  s h e l l  

bu t  t h e  gap d i v i d i n g  t h e  f u l l e d  energy l e v e l  and t h e  near- 

es t  valency one i s  very  small (0.02eV) - lower  p a r t  of 

Fig. ld .  Th i s  proves paramagnetism of bOC60 and i t s  a b i l i t y  
t o  form s t a b l e  d i an ion  and d i c a t i o n ,  On t h e  base  of exper i -  

1 mental  f-C60 d a t a  of t h e  f i r s t  i o n i z a t i o n  p o t e n t i a l  7.6eV 
and t h e  energy of i t s  a f f i n i t y  2.6eV t h e  va lues  of Coulomb 
( d= -3.5eV) and resonance ( 8= -6.6eV) i n t e g r e l s  were cal- 
cu la t ed .  It i s  p o s s i b l e  t o  e s t i m a t e  t h e  s t a b i l i t y  of foot -  
b a l l e n e  and b a r r e l e n e  i o n s ,  t h a t  i s  t h e i r  energy and ener- 
gy d i f f e r e n c e  i n  v a r i o u s  charge  p o s i t i o n s  of t h e s e  two C6o 
forms - t a b l e  on Fig.1 . Following conclus ions  can b e  drawn 

from t h e  t ab le :  1 )  b a r r e l e n e  i o n i z a t i o n  p o t e n t i a l  i s  about 
1.4eV less than f o o t b a l l c n e  one and i t s  va lue  i s  c l o s e  t o  
t h e  non i n d e n t i f i e d  l i n e  6.3eV, d iscovered  i n  t h e  absorp- 
t i o n  spectrum of cons ide rab ly  exc i t ed  c60 synchrotron radi- 
a t i o n  4; 2 )  b a r r e l e n e  d i a n i o n ' s  energy i s  lower than  t h a t  
of f-C60 d i a n i o n  (ST'-$'= 2.97eV); 3 )  i n  c a s e  of double  
i o n i z a t i o n  b a r r e l e n s  also posses ses  lower energy (Ef 'Eb 

2.36eV). So b-C60 i s  c h a r a c t e r i z e d  by a g r e a t e r  accep to r  
and donor a b i l i t y  as compared t o  f-c60* 

2+ 2+, 

C MONOLAYER ON (110) GaAs SURFACE 

On t h e  base  of t h e  2 )  conc lus ion  w e  can  exp la in  t h e  unusual  

- 60 
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72/[312] L. CHERNOZATONSKII 

p i c t u r e  of C60 monolayer d i s t r i b u t i o n  on t h e  (110) s u r f a c e  
o f  G a b l e .  Two t y p e s  of t h e  d i s t r i b u t i o n  were observed: a 
row of "deeply" s i t t i n g  A c l u s t e r s  each surrounded by pro- 

t r u d i n g  on t h e  reorganize& GaAs s u r f a c e  A s  atoms ( such mo- 
nomolecule i s l a n d s  were*7Ao h i g h ) ;  a row of more c l o s e l y  
packed B c l u s t e r s  each surrounded by G a  atoms, and p ro t ru -  
d i n g  over  A c l u s t e r s  up to*lAo. Our exp lana t ion  i s  as f o l -  
lows: c60 f o o t b a l l e n e  f i n d s  i t s e l f  i n  a c e l l  of t h e  reorga-  
n ized  s u r f a c e ,  i t  i s  charged p o s i t i v e l y  and makes a s t a b l e  

compound w i t h  f o u r  As-anions; c60 b a r r e l e n e  f a l l s  i n t o  a 
p i t  and i s  toughly  j o i n t  t o  f o u r  Ga , i t  i s  charged nega- 

t i v e l y .  A s  b a r r e l e n e s  a r e  l o n g e r  and t h i n n e r  ( t h e  cage 
s i z e s  are D k 5A0,  L b ~  8 . 5 A  
7.1A0 '1, t hey  a r e  h ighe r  - l A o  than  f - C a  rows even a f t e r  
t h e i r  f a l l  . 

+ 

l o9">  than  f o o t b a l l e n e s  (Df= b 

C JRTHOROMBIC CFYSTAL 4 0  
Bar re l ene  d i a n i o n  s t a b i l i t y  causes  t h e  p o s s i b i l i t y  of a pe- 

o r  b-C60 b-CgG . The unusual orthorombic s t r u c t u r e  of a 
C60crys ta l  can be  explained by presence  of t h e  l a t t e r  one 

( usua l  f c c  s t r u c t u r e  of f-Cbo i s  des t royed) .  The complexes 
form a rod of s t and ing  on each o t h e r  C " b a r r e l s "  cova len t  
( a s  1.5Ao) bound by l i d  hexagons. Lcov 
pe r iod  of such a rod ,  which equa l s  t o  t h e  s t r u c t u r e  pe r iod  

a rance  of n ixed  f-b complexes, f o r  example, (f-C60)2b-C60 1+ g- 

b-b complex i n  t h e  middle of i t s  8 molecules  unique c e l l  13 

2+ 

*L 6ob +a f 10Ao i s  t h e  

a long  t h e  c-axis 13 . 
METAL-DOPED C 60 BARRELITE .. POSSIBLE HT SUPERCONDUCTOR 

S t a b i l i t y  of b-CGO d i a n i o n  makes i t  p o s s i b l e  t o  suppose 
t h a t  doping by m e t a l  atoms r e s u l t s  i n  appearance of  a com- 
p l i c a t e d  hexagonal c l o s e  packed s t r u c t u r e  of A 
complexes - q u a s i d i e l e c t r i c  l a y e r ,  where A atoms a r e  i n  

t e t r a h e d r a l  s i t e s ,  and s u b l a t t i c e  of quas imeta l  l a y e r s ,  

where B atoms are i n  o r thohedra l  s i t e s .  SO t h e  A2Bb'C60 

1+b,c2- A1+ 
60 
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C, BARRELENE (3131173 

compound i s  very much l i k e  layered  high Tc suparconducting 
oxides. The plane of B l a y e r  i s  deprived of m i r r o r  symmetry 

- Fig.2 . Thus propagat ing a long  t h e  l a y e r  phonons ( having 

t c-axis  

A l e v e l  - - - 
B l e v e l  

- - -  A l e v e l  

FIGURE 2.+BC& b a r r e l i t e .  

a long  t h e  c-axis  p o l a r i z a t i o n  of A and carbon a toms  d i s p l a -  
cements u,) must be accompanied by along l a y e r  e l e c t r i c  po- 
l a r i z a t i o n  PX~aXi.uij ,  where e are "piezo" bond constan- Y i  j 
t s I 4 .  It i s  t h i s  ?oca l  p iezo- l ike  e f f e c t  t h a t  determines 
h igh  electron-phonon i n t e r a c t i o n .  Note t h a t  "piezo" const-  
ant should i n c r e a s e  wi th  t h e  growth of t h e  d i f f e r e c e  betwe- 
en t h e  atomic number of carbon and t h a t  of doping atoms, 
which causes s t i l l  greater nonmirror symmetry of "metal" 
plane. Bes ides  empty A s i t e s  i n  C6o b a r r e l i t e  should b e  
f i l l e d  by a toms  wi th  a small i o n  r a d i u s  - 1 A O  and B s i t e s  
may be  f i l l e d  by atoms a l a r g e r  r a d i u s  -2A0. Thus f o r  exa- 
mple I11 group atom ions :  G a ,  I n  (ri=1.13, 1.32Acorrespon- 
d ing lg )  a r e  r a t h e r  s u i t a b l e  f o r  empty A sites. So high 
enough Tc can be  p red ic t ed  f o r  compounds l i k e  RbIn2CG0 and 

CsGa2Cg0. The layered  s t r u c t u r e  of such a material l e a d s  
t o  energy s t a t e  d e n s i t y  l o c a l i z a t i o n  i n  e l e c t r o n  and pho- 
non subsystems. Th i s  f a c t  t o g e t h e r  wi th  h igh  "PiezO" cons- 
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t a n t s  determines t h e  high value of t h e  electron-phonon i n t e -  
r a c t i o n  and a f t e r  a l l  t h e  high Tc of superconducting t ran-  

s i t i o n .  

REFERENCES 

1. HOW, Kroto, A.W. A l l a f ,  S.P. B a l m ,  Chem. Rev.., 2, 1213 

2. D.A. Bochvar, E.G. Galperm, Dokl. Akad. Nauk SSSR, 209, 

3. W. Kratschmer e t  al., Nature, 347, 354 (1990) 
4. Y. Achida e t  al., Chem. Let t .  (Japan), 1234 (1991). 
5. S.C. O'Brien e t  al., J. Chem. Phys., 88, 220 (1988). 
6 .  C.S. Yannoni e t  a l . ,  J. Am. Chem. S O C . ,  113, 3190 (1991). 
7. R. Tycko e t  al. , J. Phys. Chem., 3, 578 (1 991 1. 
8. R.J. Wilson e t  al., Nature, 348, 631 (1990). 
9. S. Wang & P.R. Buseck, Chem. Phys. Le t t . ,  3, 1 (1991). 

(1 991 ) . 
61 9,  (1 973) . 

10. L.A. Chernozatonski i ,  Phys. Le t t .  A,=, 392 (1991). 
11. E.G. Galpern e t  al. ,  JETP Le t t . ,  55, n.8 (1992). 

12. Y.Z. L i  e t  al., Science,  252, 547 (1991). 
13. A.A. Z&hidov e t  a l . ,  i n  Proc. Into Conf. M S -HTS(I991). 
14. L.A. Chernozatonski i ,  JETP L e t t . ,  49, 319 (?g89)* 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

4:
11

 1
8 

Fe
br

ua
ry

 2
01

3 




