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ABSTRACT 
In view of the great i n t e r e s t  generated by the recent  
discovery of closed-cage molecules of carbon ( fu l le renes) ,  
we desc r i be  a procedure f o r  p r e p a r i n g  n e a r l y  pure 
b u c k m i n s t e r f u l l e r e n e ,  C60, which has c o n s i d e r a b l e  
potent ial  as a mater ia l .  

MATERIALS INDEX: Carbon, fu l le rene,  buckminsterfullerene. 

I nt roduct i on 

The i n i t i a l  i d e n t i f i c a t i o n  of a stable, fascinat ing molecule 
consisting of s i x t y  carbon atoms, C6O, owing i t s  s t a b i l i t y  to the 
geodesic propert ies inherent in a-truncated icosahedral hollow 
cage, was made by Kroto et al [ I ]  in a c luster  beam produced by 
the l a s e r - a b l a t i o n  of g r a p h i t e .  By employing d i f f e r e n t  
experimental conditions, i t  was soon demonstrated that there is a 
whole range of related closed-cage molecules of carbon cal led 
fu l lerenes,  of which C6O, buckminsterfullerene, is  the dominant 
species. A technique fb-r preparing macroscopic quant i t ies  of C60 
and CTO, generally in admixture, recently described by Kr~tschmer 
st  al [2 ]  has generated intense a c t i v i t y  in the invest igat ion of 
the s t r u c t u r e  and p r o p e r t i e s  of  t h i s  new breed of carbon 
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m o l e c u l e s .  The t e c h n i q u e  i n v o l v e s  t he  c o l l e c t i o n  o f  t he  carbon 
s p e c i e s  p roduced by v a p o r i z a t i o n  in  a c o n t a c t  a rc  between two 
g r a p h i t e  e l e c t r o d e s  in  an i n e r t  a tmosphere .  The q u a n t i t i e s  o f  C60 
and t he  o t h e r  ca rbon  s p e c i e s  o b t a i n e d  depend on t h e  e l e c t r o d e s  
used,  a r c i n g  c o n d i t i o n s  and o t h e r  o p e r a t i n g  p a r a m e t e r s  [ 1 - 5 ] .  A l l  
p r e p a r a t i o n s  o f  b u c k m i n s t e r f u l l e r e n e ,  C6~ , g e n e r a l l y  c o n t a i n  CTn 
in  v a r y i n g  p r o p o r t i o n s  as d e t e r m i n e d - b y  NMR s p e c t r o s c o p # T  
Chemical puri f icat ion of the product and the seperation of ~ 
from C70 have been achieved [6] .  In order to invest igate 
various properties of 060 , we have designed a generator which 
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Schemat ic  d iagram o f  t he  C60 g e n e r a t o r  
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under c e r t a i n  operat ing cond i t i ons  has y ie lded s o l e l y  C60. This 
f i n d i n g  has prompted us to  descr ibe the C60 generator f ab r i ca ted  
by us along w i th  the p repara t i ve  cond i t iSds and c h a r a c t e r i z a t i o n  
of the product,  to  enable other workers to r e a d i l y  generate t h i s  
n o v e l  m a t e r i a l .  

EXPERIMENTAL 

A schematic diagram of the C6~ generator f ab r i ca ted  by us i s  
shown in  Fig. I .  Two w a t e r - c o o l e ~ o p p e r  e lect rodes and a water- 
cooled double-wal led copper vessel form the essent ia l  parts of 
the generator.  The graph i te  e lect rodes and the copper vessel are 
housed in a 30" long s t a i n l e s s  s tee l  vacuum vessel of 8" diameter 
mounted on a 4" d i f f u s i o n  pump through a l i q u i d  n i t rogen t rap .  
Graph i te  rods of  5 mm diameter ( specpure ,  Johnson Mat they  
Chemical L td . ,  England) were used in the evaporat ion.  

In  order  to  f a c i l i t a t e  the e v a p o r a t i o n  p rocess ,  both the  
graph i te  e lect rodes were sharpened to a conica l  shape and held at  
loose con tac t  w i t h  each o ther  w i t h  t~e he lp  o f  two t u n g s t e n  
spr ings .  The system was pumped to  ~10 v t o r r  and helium l e t  i n to  
the copper vessel through a l i q u i d  n i t rogen t rap .  The pressure of 
helium was maintained around 180 t o r r  w i th  slow pumping and by 
c o n t r o l l i n g  the leak ra te ,  w i t h  the  he lp  o f  a v a r i a b l e  leak 
va lve.  A cu r ren t  in  the 100-180 amp range (5-8 v o l t s  AC, 60Hz) 
was passed through the e lect rodes to i n i t i a t e  the arc. A gray 
plume was observed under these cond i t i ons .  A f t e r  three hours of 
evaporat ion,  about 500 mg of soot could be co l l ec ted  from the 
copper vessel and the e lec t rode surfaces. S t i l l  la rger  q u a n t i t i e s  
of  soot could be obtained a f t e r  prolonged evaporat ion.  The soot 
was e x t r a c t e d  w i t h  tou luene  and f i l t e r e d .  The r e s u l t i n g  red 
s o l u t i o n  is  evaporated to  y i e l d  a s o l i d  which was washed w i th  
d i e t h y l  e the r  to  remove the hydrocarbons  [ 2 ] .  The s o l ~  l e f t  
b e h i n d  was c h a r a c t e r i s e d  by mass s p e c t r o m e t r y  and C NMR 
spectroscopy. 

We have recen t l y  incorporated another set of e lect rodes to 
the system shown in  Fig. I in a manner t ha t  enables us to  move 
them from outs ide.  This helps to  sus ta in  the arc f o r  longer 
pe r iods .  With t h i s  des ign ,  l a r g e r  q u a n t i t i e s  o f  ~60 cou ld  be 
produced in a shor ter  per iod (50 mg in less than an nour) .  

RESULTS AND D ISCUSSION 

S ince  t he  a r c i n g  c o n d i t i o n s  are  c l e a r l y  c r u c i a l  i n  
determining the nature of carbon c l u s t e r s  in  the soot, we decided 
to  use r e l a t i v e l y  small  c u r r e n t s  t o  e x p l o r e  whe ther  we cou ld  
avoid many of the species other  than C60. To our su rp r i se ,  the 
soot obtained w i th  a cu r ren t  of 150 amps or less,  a f t e r  removal 
of  the hydrocarbon impu r i t i e s  [ 2 ] ,  yielded..,only C60 as evidenced 
from the 1~ass spectrum (F ig .  2) and the ~C NMR-spectrum (Fig.  
3).  The "~C NMR spectrum of C70 has s igna ls  at  130.9, 145.2, 
1 4 7 . 3 ,  1 4 8 . 6  a n d  1 5 0 . 5  ppm w i t h  i n t e n s i t y  r a t i o s  o f  
1 0 / 2 0 / 1 0 / 2 0 / 1 0 .  I t  i s  i n d e e d  r e m a r k a b l e  t h a t  we o n l y  see C60 i n  
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b o t h  t h e  mass., spectrum± and t h e  NMR s p e c t r u m .  F u r t h e r m o r e ,  t h e  
C6~ + t o  C6~ i n  t h e  mass s p e c t r u m  i s  a r o u n d  1 . 2  as r a t i o  of  

e x p e c t e d .  The p r o c e d u r e  d e t a i l e d  above has e n a b l e d  us t o  
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FIG.  3 

13C NMR s p e c t r u m  o f  t h e  f u l l e r e n e  o b t a i n e d  a f t e r  r e m o v i n g  
t h e  h y d r o c a r b o n s f r o m  t h e  s o o t  
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conveniently obtain nearly pure C60 in one step, without the need 
for  chromatographic separation from C70 etc. We have prepared 
several batches of CAn in th i s  manner wlth y ie lds  of ~ I0% with 
respect to the soot~-The pre ferent ia l  formation of C60 in the 
present study suggests that the fragments containing the fused 
six-membered r ings tha t  i n i t i a l l y  come out of the g raph i te  
surface predominantly contain the precursor species corresponding 
to C60. 

CONCLUSION 

The present study demonstrates that  i t  is  indeed possible to 
obtain C60 e s s e n t i a l l y  in pure form by arc evapora t ion  of 
graphite. 
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