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We r epor t  bu lk  superconduct iv i ty  at  ambien t  p ressure  in polycrys ta l l ine  p re s sed  samples  
o f  ~ t - ( B E D T - T T F ) 2 1 3 .  As in s ingle c rys ta l s  of  ~ t - ( B E D T - T T F ) 2 1 a  the  onse t  fo r  super -  
conduct iv i ty  in the  polycrys ta l l ine  p re s sed  samples  l ies a t  abou t  9K bu t  the  t r a n s i t i o n  
is broader .  Zero  res is t iv i ty  is observed  a t  2.2 K and the  middle of  the  t r ans i t i on  is found  at  
5K. The m e a s u r e m e n t  of  the  ac suscept ib i l i ty  shows  t h a t  a t  2K abou t  $0g  of  the  sample  
is superconduc t ing ,  bu t  a t  th i s  t e m p e r a t u r e  the  t r ans i t i on  is s t i l l  no t  s a tu ra t ed .  The obse r -  
va t ion o f  bu lk  superconduct iv i ty  in th i s  polycrys ta l l ine  p re s sed  samples  is of  special  i n t e r -  
e s t  because  i t  d e m o n s t r a t e s  t h a t  organic  supe rconduc to r s  can be used  in principle as well  
for  the  p roduc t ion  o f  e lec t ron ic  devices such  as squids  and superconduc t ing  cables .  In 
addi t ion the  f inding o f  bulk  superconduc t iv i ty  in large p re s sed  samples  of  c rys ta l l i t e s  
of  t he  typical  d i amete r  of  lttm of  an organic  me ta l  indicates  t h a t  t he  obse rva t ion  of  super -  
conduct iv i ty  in organic  polymers  shou ld  be poss ib le  as well.  

Recently bulk  superconduct iv i ty  at 8K and ambient  pres-  
sure  was repor ted  in s ingle  c rys ta ls  o f  the quasi  two 
d imens iona l  organic  meta l  ~ t - (  BEDT-TTF )2 I3 [1]. From 
measu remen t s  o f  the upper  crit ical f ields Hc2 and using 
an anisotropic  effect ive mass  mode) in the  picture  o f  
the Ginzburg Landau theory the coherence  l eng ths  at 
0 K o f  ~j.= 22 A, ~ II = 120 A and the pene t ra t ion  dep ths  o f  
~L= 7SOA, ~ ,=  4300A were obtained [2 ] .  These  r e su l t s  
led to the idea that ,  s imilar  to the high t empera tu re  su- 
pe rconduc to r s  of  the  metal  oxides ,  it should  be pos-  
s ible  to obta in  bu lk  superconduct ivi ty  in polycrysta l l ine  
p ressed  samples  o f  ~ t  - ( BEDT - TTF) 213. The remark  - 
able fact  o f  such  f inding would be that  in such a case 
organic supe rconduc to r s  in pr inciple  could be used as 
well  for  the p repara t ion  o f  e lec t ronic  devices such  as 
squids  and might  even be sui table  for  the prepara t ion  
o f  superconduc t ing  cables .  Such a f inding would fu r the r  
be an  indicat ion that  superconduct iv i ty  should  be obser-  
vable as well  in organic polymers .  
Samples  of  the size 4 x l x 0 . S m m  were prepared  f rom 
grained s ingle  c rys ta l s  ( the  resu l t ing  crys ta l l i tes  f rom 
the graining process  had typical d iameters  of  0.S - 1 0  
ttm) of  the  organic  metal  ~ - ( B H D T - T T F ) 2 I  3 [3 ,4]  by 
applying a p ressu re  o f  ( 3 - 1 0 ) .  103 k g / c m  2 to the pow- 
der. These  mechanica l ly  very s tab le  samples  were tem- 
pered at 7S°C for  S0 hou r s  in order  to obta in  samples  
o f  ~ , t - ( B E D T - T T F ) 2 I  3 [1]. The conductivi ty was mea- 
sured  with the usual  four  point  method,  
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The room tempera tu re  conductivi ty of  these  polycrys- 
ta l l ine s amples  is 1S (Gcm) -1 Figure 1 shows  the tem- 
pera ture  dependence  of  the resist ivity o f  the poly- 
crysta l l ine  sample  (note  the double  logar i thmic scale).  
By cool ing the sample  down f rom room tempera tu re  
the resist ivi ty decreases  as in a metal.  The meta l l i c  cha- 
rac ter  was conf i rmed by HSR measuremen t s ,  where  in 
the t empera tu re  range  10-300K a more  or  less  tem- 
pera ture  independent  spin suscept ibi l i ty  was observed .  
The abso lu te  value o f  the suscept ibi l i ty  is +(4.6 + 
0.2S)x10 -4 e m u / m o l e ,  a value which agrees  well  with 
the one obtained for  the c rys ta l s  o f  ~ t - (BHDT-TTF)213  
IS]. 
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Flour e i: Resistivity versus  t empera tu re  (doub le  log- 
ar i thmic scale)  o f  a polycrys ta l l ine  p ressed  sample  o f  
~ t -  (BHDT- TTF)213 . 
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Figure 2 shows the resistivity (normalized at 12 K) 

of the polycrystalline sample and of a crystal of c~ t- 

{BEDT-TTP)213 in the temperature range below 12K. 

In both samples the onset of superconductivity in the 

resistivity is found near 9 K. In contrast to the crystal 
of ~t-(BEDT-TTF)213 the superconducting transition 

in the polycrystalline sample is much broader. Zero 
resistivity (within the experimental facilities ) in the 

polycrystalline sample is found at 2.2K, while in the 

case of the crystals of ~t-(BEDT-TTF)21 z zero re- 

sistivity appears already at 6K. 

In order to obtain information whether the supercon- 

ductivity observed in the resistivity is a bulk effect of 

the sample or not we measured the ac susceptibility 

at a frequency of 3MHz with a fleld of about 0.2Gauss. 

Figure 3 shows  the  increase  in resonance f requency of  
the LC--circui t  due to exc lus ion  of  the r f -  field by dia- 
magnet ic  shielding cu r ren t s  in the polycrysta l l ine  sam- 
ple of  c~t-{B~DT-TTF)213.  There  is a c lear  evidence 
of  an onse t  of  diamagnet ic  shie lding be low 7K. This  be- 
haviour  is in con t ras t  to the  observat ions  usual ly  made  
in s ingle c rys ta ls  of  organic  supe rconduc to r s ,  where  
the  t empera ture  for  the  onse t  of  diamagnet ic  shielding 
is at the the  t empera tu re  where  the resist ivi ty reaches  
zero. Here in the polycrysta l l ine  sample  the  onse t  for  
the diamagnetic  shielding is far  above the  t empera tu re  
where  the resist ivi ty becomes  zero. The s ignal  (see  
Fig. 3) which sti l l  increases  on  cool ing to 2K corres-  
ponds  to about  50~ wi th  respec t  to tha t  expected for  
a per fec t  superconduc tor ,  indicat ing a c lear  bu lk  e f fec t  
o f  the  superconduct ivi ty  in the  polycrysta l l ine  sample  
o f  c~t-(BFA)T- TTF ) 213. Never theless ,  the large tempera-  
ture  range  in which the f requency sh i f t  of  the r e sonance  
f requency is observed  shows  that  an i nhomogenous  
d is t r ibut ion  of  superconduc t ing  t rans i t ions  exis t  in the 
sample.  A similar  b road  d is t r ibut ion  was already ob- 
served in the case  o f  the crys ta ls  of  ~ t -  (BEDT-TTP)2I  3 
and might  be  due to the anneal ing procedure  dur ing  
the prepara t ion  of  the  ~ t - -Phase .  
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Figure 2: Resistivity (normal ized  at 12K) of  a polycrys-  
ta l l ine sample  o f  ~ t - (B lqDT-TTP}213  as wel l  as o f  
a crysta l  o f  g t - ( B E D T - T T F ) 2 I  3 in the t empera tu re  
range  be low 12 K. 
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Figure ~:  Increase  o f  the  r e sonance  f requency  o f  an  
LC--ct rcui t  ( 3 M H z )  due to exc lus ion  o f  the  i f - - f i e l d  
by dt-m_agnetic shie ld ing cu r r en t s  (ac suscept ibi l i ty  ) in 
a polycrys ta l l ine  p re s sed  sample  o f  ~ C (  BEDT-TTF)2Is  
by cool ing the sample  f r o m  10 K down  to 2 K. 
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Figure _4 : Resistivity ve r sus  t empera tu re  o f  a polycrys-  
tal l ine sample  o f  ( B E D T - T ' I T l z C u ( N C S )  2 . 

It shou ld  be  ment ioned  tha t  the p repara t ion  o f  pres-  
sed polycrys ta l l tne  samples  by s tar t ing a l ready wi th  

powdered  c rys ta l s  o f  ~ t - (  BEDT- ~ )2I 3 does  not  lead 
to superconduct ivi ty  in the  samples .  This behav ior  is 
due to a phase  t r ans i t ion  o f  the ~ t"  phase  unde r  the  
applied p ressu re  dur ing  the sample  p repara t ion  as will  
be repor ted  e l sewhere  [6] .  In order  to obta in  super-  
conductivi ty in the  polycrys ta l l ine  samples  the prepa-  
ra t ion  has  to be  s tar ted wi th  powdered  c rys ta l s  o f  
~ - ( B E D T - T T P ) 2 I  3 and the  p re s sed  samples  have to be  
annealed.  Samples  prepared  in this  manne r  shou ld  not  
be p re s sed  again. 

We have fu r the r  p repared  p ressed  samples  o f  poly- 
crys ta l l ine  ( B E D T - T T F I 2 C u ( N C S )  2. In the  s ingle  
c rys ta l s  of  ( B E D T - T T F ) 2 C u { N C S )  2 a relat ively sha rp  
superconduc t ing  t rans i t ion  at 10.4K exis t s  [7,83. The 
t rans i t ion  t empera tu re  o f  10.4 K is the  h ighes t  observed  
T c among the organic supe rconduc to r s  at  the  moment .  
In addi t ion the superconduct iv i ty  in the  s ingle  c rys ta l s  
of  ( B E D T - T T F ) 2 C u ( N C S )  2 is near ly  a 100g bulk  ef- 
fect  [8,9] .  
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The room tempera tu re  conductivi ty o f  the p ressed  
polycrysta l l tne  s amp l e s  o f  ( B E D T - T T F ) z C u ( N C S )  2 
is with  15 (Gcm)  - t  only a l i t t le  smal le r  compared  to 
the values o f  2 0 - 6 0  ( Q c m )  - 1  observed  in s ingle  crys- 
ta ls  o f  ( B E D T - T T F ) z C u ( N C S )  2. Figure 4 shows  the 
t empera tu re  dependence  o f  the  resist ivi ty o f  a polycrys-  
ta l l tne p ressed  sample  (s ize  as above). Besides the  fact,  
tha t  all  the phase  t rans i t ions  observed  before  in the 
s ingle  c rys ta ls  [ 8 ]  can  be found now in the resist ivi ty 
character is t ic  o f  the polycrys ta l l ine  sample  much  more  
p ronounced ,  the resist ivi ty s ta r t s  again to decrease  be- 
low l lK,  the  onse t  t empera tu re  for  superconduct iv i ty  in 
the s ingle  c rys ta l s  o f  (BEDT-TTF)  2 Cu(NCS)  2 . Never- 
theless ,  here  in the  polycrysta l l ine  sample  the resist ivi-  
ty does  not  become zero, in fact  at 1.3 K the resist ivi ty 
is sti l l  la rger  than  at r oom temperature .  The measure-  
men t  o f  the ac suscept ibi l i ty  in the  polycrys ta l l ine  sam- 
ple did show an  onse t  o f  diamagnet ic  shie lding be low 

10K, but at 2K less than Ig of the sample was affec- 

ted. In the moment it is not clear why the polycrystal- 

line sample does not show bulk superconductivity as 

the single crystals. It might be, that due to the pulver- 

ization of the crystals of (BEDT-TTF)2Cu(NCS) 2 or 
due to the pressure during the preparation of the sam- 

ple paramagnetic centers are produced and therefore 

the superconductivity is suppressed. 
In conclusion, bulk superconductivity at ambient 

pressure exists in polycrystalline pressed samples of 

c~t-(BEDT-TTF)21 a, while in the polycrystalline sam- 

plea of (BEDT-TIT)2Cu(NCS) 2 such a bulk effect 

could not be observed. 

The construction of a squid from polycrystalline 

pressed ~t-(BEDT-TTF)213 is under progress. 

We gratefully acknowledge financial support of this 
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