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Abstract Electronic properties of (2- and 0 -  
( B E D T - T T F ) ~ ~ ~  crystals are reported. 

BEDT-TTF [bis(ethylendithio)tetrathiofulvalene] salts have caused 

considerable interest, since Saito et a1.l have proved strong in- 

termolecular contacts and exchanges in more than one direction. 

Additionally, Parking et al. reported a superconducting transi- 

tion in a ReO--derivative under pressure. Electrochemical methods 

using 1; as counterions yield several crystallographic phases , 
with different physical properties, e.g. 

and B-(BEDT-TTF)+I- (&I-). The former has a metal to insulator 

transition at 135 K which can be supressed above 15 Kbar . 
0-L stays metallic down to 1 .4  K. There the crystals become super- 

conducting at ambient pressure5' '. Other triiodide phases seem to 

show superconducting transitions even at 2.5 K6l7. Figure 1 shows 

the projection of the unit cells of a - 1  onto the bc-plane (left) 

and of B - i  onto the ac-plane. Both phases crystallize in the tri- 

clinic space group Pi ( a - 1 :  a = 9.211 g, b = 10.850 g, c = 

17.488 8, ff = 96.95O, B = 97.97O, f =  90.75 ; 0-1: a = 6.615 9,  
b = 9.097 8 ,  c = 15.291 9, a = 94.35O, R = 95.55O, f = 109.75O) 

3-7 

~x-(BEDT-TTF)~I~ ( a  -1) 

4 

+ -  

33-4 8 

0 

337 
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338 I. HENNIG er al. 

and a re  two dimensional organic metals.  

The f i r s t  o rder  phase t r a n s i t i o n  i n  m - l  a t  135 K can be u t i -  

l i z e d  t o  demonstrate t h e  v a l i d i t y  of t h e  Wiedemann-Franz-law 

Ke/&= R /2'kg/e 'T = L 'T. Here Ke is  the  thermal conduct iv i ty  of 2 2 2  

Fig. 1 )  S t ruc ture  of a-1  ( l e f t )  and l3-1 ( r i g h t ) .  

the charge c a r r i e r ,  & t he  e l e c t r i c a l  conductivity,  T the  tempera- 

t u r e  and L = 2.44-10 V /K t he  Lorentz-number. Fig. 2 shows the  

temperature dependence of the  t o t a l  thermal conductivity K shows t h e  

tals of a-1. Assuming t h a t  t he  d i f f e rence  of 1.5 m W / ( c m ' K )  i n  K 

a t  135 K i s  due t o  the  cont r ibu t ion  K of t he  charge c a r r i e r s  i n  

the  metallic range and tak ing  t h e  t y p i c a l  value of t h e  e l e c t r i c a l  

conductivity a t  135 K W135 = 450( R m )  

-8 2 2 
0 

-1 w e  ob ta in  a value 

t i v i t y  of n - 1 .  

0 
0 100 200 K 300 
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TWO DlMENSiONAL ORGANIC METALS 339 

-8 2 2 
'T) = 2.5-10 V /K . Even i f  w e  assume t h a t  u135 is o n l y  'el' * I35  

correct w i t h i n  a n  e r r o r  o f  20  % t h i s  v a l u e  a g r e e s  q u i t e  w e l l  w i t h  

t h e  Lorentz-number. In a d d i t i o n  t h e  r e s u l t s  o f  F ig .  2 demonstrate  

t h a t  i n  an o r g a n i c  metal t h e  c o n t r i b u t i o n  t o  K due t o  t h e  l a t t i ce  

phonons predominates  t h e  c o n t r i b u t i o n  o f  t h e  charge carriers i n  

c o n t r a s t  t o  t h e  u s u a l  metals. 

I n  our  p r e p a r a t i o n  o f  "-1 us ing  THF3'4 w e  always observed 

c a n t e d  rhombohedrons of R - 1 .  F ig .  3 shows t h e  microwave conduct iv i -  

t y  as measured a t  l o  GHz by t h e  c a v i t y  p e r t u r b a t i o n  method between 

3 and 300 K .  A very similar temperature  dependent  c o n d u c t i v i t y  be- 

haviour  w a s  observed wi th  dc-methods. Typica l  room tempera ture  con- 

d u c t i v i t i e s  range around 35(  R cm) . Never the less ,  t h e  peak i n  t h e  

microwave c o n d u c t i v i t y  a t  about  125 K i s  s e n s i t i v e  to  t h e  microwave 

power. For  somewhat h igher  microwave f i e l d  s t r e n g t h  (x)  the conduc- 

t i v i t y  i n c r e a s e s  s t r o n g e r  and a l r e a d y  a t  h i g h e r  tempera tures  (T  t 

200  K). F u r t h e r  experiments  are i n  p r o g r e s s  i n  o r d e r  t o  e x p l a i n  

t h i s  behaviour .  

-1 

MICROWAVE CONDUCTIVITY 
! 3 

" 
E 
0 

. 
*. 

0 0 
0 0 T+[ IK1 a 0 0 In : 51 N 

Fig .  3) Microwave c o n d u c t i v i t y  a t  10 GHz o f  f3-1. 
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340 I. HENNIG ef al. 

S .' 1 

5 i 
Fig. 4 )  

Thermopower of B - 1 .  

ESR-experiments i nd ica t e  a temperature independent s u s c e p t i b i l i t y  

between 300 and 42K.The ESR-linewidth a t  room temperature can be 

used t o  d iscr imina te  between a-l- and R-' (70  t o  110 Gauss f o r  "-1 
and 20 t o  25 Gauss f o r  8-1 depending on the  o r i e n t a t i o n  of t he  cry- 

stals with respec t  t o  t h e  magnetic f i e l d ) .  

Temperature dependent thermopower measurements prove a metal- 

l i c  s t a t e  down to  l o w  temperatures (Fig. 4) bu t  around 120 K a 

phase t r a n s i t i o n  might occur. From the  s lope  of t he  thermopower 

above 150 K it can be estimated t h a t  t h e  width of t he  conducting 

band i n  a -d i rec t ion  is about 2/3 of t h e  bandwidth i n  b-direction 

i n  good agreement with o p t i c a l  re f lec tance  measurementslo. Volume 

superconductivity i n  0 - 1  a t  ambient pressure  and a diamagnetic 

t r a n s i t i o n  temperature of 1 K is  reported sepa ra t e ly  . 8 
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