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The organic  charge t r a n s f e r  s a l t  d i - te t ramethyl -  
te t rase lenafu lva len ium pe rch lo ra t e  becomes super- 
conducting with t r a n s i t i o n  temperatures  from 
0.9-1.4 ke lv in .  We compare our  results t o  those  of 
o t h e r  groups and d iscuss  poss ib l e  reasons for t h e  
observed d i f f e rences .  Pre l iminary  results a r e  given 
f o r  an a l l o y  with t h e  corresponding per rhenate .  

SUPERCONDUCTIVITY I N  ( TMTSF ) 2CR94 

The e x c i t i n g  f ind ing  t h a t  t h e  organic  charge t r a n s f e r  s a l t  
(TMTSF) ~ C R O I ,  becomes superconducting i n  t h e  absence o f  
appl ied  pressure  has opened new p o s s i b i l i t i e s  f o r  t h e  study 
of superconduct iv i ty  i n  organic  c r y s t a l s .  2 - 5  

The s t r u c t u r e  and t y p i c a l  r e s i s t i v i t y  curves are shown 
i n  f i g u r e  1. The s t r u c t u r e  c o n s i s t s  o f  columnar s t a c k s  o f  
densely packed TMTSF-cations wi th  l a r g e  e l e c t r o n i c  over lap ,  
whereas t h e  C R O k  anions seem t o  p lay  no r o l e  i n  t h e  conduc- 
t i o n .  At-Soorn temperature t h e  r e s i s t i v i t y  i s  1. 5 * 1 0 - 5 h  
(=1.5*10 
approximate T 2  down t o  a sample dependent temperature  T1 
between 5 and 15 K . 
with t y p i c a l  va lues  of  p, = 0 . 7 * 1 0 - e ~  and a = 1 K- . 
The superconducting t r a n s i t i o n  t akes  p l ace  a t  Tc 1.4 K 
i n  o u r  c r y s t a l s .  Note t h a t  t h e  va lue  of p o  i s  c l o s e  t o  t h e  

Rcrn). The r e s i s t a n c e  E. temperature  follows an 

When 1 . 5  K < T 5 T1 , p ( T ) = p o ( l ? T )  

[627]/27 I 
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FIGURE 1 
Temp era t ur e 
dependence of 
t h e  r e s i s t i v i t y  
p ( T )  of s eve ra l  

c r y s t a l s  from 
d i f f e r e n t  
ba tches .  The 
i n s e t  shows a 
s i d e  view of 
t h e  conducting 
s t ack .  The CROI, 
d i so rde r  i s  
ind ica t ed  by 
t h e  two 
o r i e n t a t i o n s  
of  t h e  anions.  

(TMTSF) zCROL, 

r e s i s t i v i t y  of copper a t  room temperature. 

by others,'-5 and indeed notable  d i f f e rences  are found 
which seem t o  exceed t h e  d i f f e rences  between samples found 
by each group. It i s  c l o s e  a t  hand t o  a s c r i b e  t h e  r e l a t i v e -  
l y  l a r g e  d iscrepancies  i n  f igu re  2 t o  d i f f e rences  i n  synthe- 
s i s  and c r y s t a l  growth. 

In  f i  u re  2 we compare our r e s u l t s  t o  those obtained 

CRYSTAL PERFECTION 

One of  t he  reasons why t h e  p rope r t i e s  near T, of 
(TMTSF)~CROL, a r e  so  sample dependent may stem from t h e  f a c t  
t h a t  t h i s  compound i s  probably very c lose  t o  t h e  bo rde r l ine  
between superconducting and i n s u l a t i n g  ground states. A l -  
though a l l  i nves t iga t ed  c r y s t a l s  have become superconducting 
some of  t h e  results i n  f igu re  2 show a d e f i n i t e  r i s e  i n  p ( T )  
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SUPERCONDUCTIVITY IN (TMTSF)ICIOI AT ZERO PRESSURE [629]/273 
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FIGURE 2 Normalized r e s i s t i v i t y  curves  f o r  (TMTSF)2 
CEO4 from d i f f e r e n t  measurements. 

j u s t  above T, , reminiscent o f  (TMTSF) 2PF6 a t  i n t e rmed ia t e  
pressures .  
ably e x h i b i t  both superconducting and i n s u l a t i n g  p recu r so r s  
s l i g h t  amounts o f  imperfect ions may we l l  d i s t o r t  t h e  balan-  
ce between t h e  two i n s t a b i l i t i e s .  

Gubser e t  a1.' have i n v e s t i g a t e d  t h e  in f luence  o f  che- 
mical p u r i f i c a t i o n  on 
c r y s t a l s  have h igher  T c ' s .  From t h e i r  s tudy  Schwenk e t  a1.3 
have argued t h a t  (TMTSF)zX c r y s t a l s  have a. very h igh  degree 
of c r y s t a l  pe r f ec t ion ,  s ince  it i s  poss ib l e  t o  fo rce  domain 
walls through c r y s t a l s  without  breakage. 

We, on t h e  o t h e r  hand, have found evidence of substan- 
t i a l  c r y s t a l  imperfec t ions .  Figure 3 shows room temperature  
e l ec t ron  micrographs of a c r y s t a l  of (TMTSF)ZCROI+ a f te r  it 
had been cooled down below T, once. Deep grooves a r e  found 
t o  pene t r a t e  deeply i n t o  t h e  c r y s t a l ,  and it is  n o t  a s to -  
n i sh ing  i f  such c r y s t a l  imperfect ions w i l l  i n f luence  T, . 

A t  t h i s  bo rde r l ine  where t h e  compound presum- 

T, , and they  do f i n d  t h a t  purer 
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274/[630] K. BECHGAARD et al. 

( TMTSF ) z ( CEO4 ) l-x( Re04 ) COMPOUNDS 

One way o f  i n s e r t i n g  c o n t r o l l e d  and w e l l  cha rac t e r i zed  imper- 
f ec t ions  i n t o  a metal i s  by a l l o y i n g ,  and indeed Re04 seems 
t o  mix with CROI, t o  g ive  the  a l l o y  s e r i e s  
(TMTSF)~(CR04)1-x(ReO~)x . 
i n t e r e s t i n g  , s i n c e  f o r  x=O it, becomes superconducting as 
descr ibed above, whereas f o r  x = l  it e x h i b i t s  a sharp  metal-  
i n s u l a t o r  t r a n s i t i o n  at. 180 K. This l a t t e r  t r a n s i t i o n  i s  
a t y p i c a l  as a P e i e r l s  t r a n s i t i o n  because it seems r e l a t e d  
t o  an unusually s t rong  l a t t i c e  d i s t o r t i o n  which does no t  
show one-dimensional precursor  e f f e c t s .  Below 180 K t h e  
anions o rde r  i n  a 2 X 2 X 2  s u p e r l a t t i c e  i . e .  matching t h e  usua l  
s u p e r l a t t i c e  o f  t h e  P e i e r l s  i n s t a b i l i t y .  This means t h a t  one 
should r e a l l y  t a l k  about two coupled i n s t a b i l i t i e s ,  one 
leading  t o  anion o rde r ing  ( t h i s  i n s t a b i l i t y  i s  t h r e e  dimen- 
s i o n a l  i n  n a t u r e )  and t h e  o t h e r  l ead ing  t o  t h e  Pej .er ls  t r an -  
s i t i o n  (one-dimensional i n  n a t u r e ) .  Such a coupl ing has 
previously been descr ibed  f o r  conducting Pt-chain s a l t s .  a ’ 
I n  (TMTSF)zX compounds t h e  order ing  o f  anions i s  be l ieved  
t o  be c r u c i a l  t o  whether o r  no t  superconduct iv i ty  occurs .  

x = 0.16, 
compared t o  x = 0 and 1 . A t  l eas t  f o r  T > 0 .5  K t h e  
a l l o y  shows no s ign  of  superconduct iv i ty .  On the  o t h e r  hand 
p(T) 
i . e .  no evidence f o r  a c t i v a t e d  behaviour.  Hence t h e  anions 
do probably not  o rde r ,  b u t  r a t h e r  t h e  mixed anion s t ack  
seems t o  form a s t rong  d i so rde r  p o t e n t i a l  g iv ing  r i s e  t o  a 
d i r t y  metal  behaviour.  S tudies  of  o t h e r  a l l o y  concent ra t ions  
a r e  i n  progress .  

This s e r i e s  i s  p o t e n t i a l l y  very 

Figure 4 shows the  r e s i s t i v i t y  r e s u l t  f o r  

seems t o  approach a cons tan t  va lue  a t  low temperatures  

FIGURE 3 
(TMTSF)2CR04 wi th  a l a r g e  imperfec t ion .  To t h e  l e f t  i s  
shown t h e  c r y s t a l  wi th  t h e  two aquadag vo l t age  con tac t s  
(one gold  l e a d  has f a l l e n  o f f ) ;  t h e  groove is  b a r e l y  
v i s i b l e .  I n  t h e  middle t h e  imperfect ion i s  c l e a r l y  seen 
even a t  t h e  bottom p a r t  of t h e  c r y s t a l .  To t h e  r i g h t  a 
blow-up r evea l s  deep holes  i n  t h e  c r y s t a l .  

Electronmicrographs of  a s i n g l e  c r y s t a l  o f  D
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SUPERCONDUCTIVITY IN (TMTSF)zCIO, AT ZERO PRESSURE [63 1]/275 

TEMPERATURE T(K) 

FIGURE 4 
with x = 0,0.16, and 1 . Resistivity of (TMTSF) 2 ( CROI, ) ReOb )x 
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