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(BEDTITF),SbF6 AND (BEDTITF),AsF, : A METAL-INSULRToR 
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TALENCE cedex FRANCE 
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D. CHASSEAU, C. HAW 

ABSTRACT (BEm),SbF, and (BEDTITF),AsF, show a 
metal-insulator transition close to room temperature. We 
present the D.C. electrical and E.P.R. measurements 
together with the structural investigations. 

The bis-(ethylenedithio1o)tetrathiafulvalene (BElYlTlT) series 
has revived the studies of the organic conductors, with the 
discovery of the first superconductor containing only sulfur 
(BETPlTF)2Re04' and more recently with the (BEDTTPF),I, salts 
found superconductive above 1.5K '. 

One of the characteristic features of these compounds is 
their wide range of stoichiometries and structures, contrasting 
with the 2:l stoichiometry and triclinic (P?) arrangement usually 
found in the lMlTF or TMTSF series3 '. 

In this paper we present the properties of the SbF6 and AsF, 
salts of BEDTITF. Both these compounds show a metal-insulator 
transition close to room temperature, as already found in 
P( ) ,PF, ' . 

STRUCTLTRE: OF ( B E D T T P F ) , e E  

(BEDTITF)2SbF, crystallizes in the monoclinic system with C2 
space group. The unit cell parameters are : a =37.64 i, 
b =6.70 A, c 44.93 i, p =117.19'. In order to compare this salt 
with the other BEDTITF salts and in particular with 
P(BEDTITP),PF,, we described the structure in the unusual space 
group 12,c. In othis case. the monoclinic unit cell parmters 
become : a =33.56 A, b =6.70 A, c a14.93 1, P =93.9E0. 

The shortest S-F distance indicated with the dashed line in 
figure 1 is shorter than the sum of the Van der Waals radii of the 
two atoms ( 3 . 2 2  1). The molecule is not planar. 
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406 R. LAVERSANNE er al. 

The in t r a s t ack  and i n t e r s t a c k  over laps  are compared on f i g u r e  
2. A characteristic fea tu re  of thie s t r u c t u r e  is that the 
shortest S-S con tac t s  are found between neighbouring cha ins .  

PICCIRE 1 Projec t ion  of the s t r u c t u r e  i n  the plane 

I 

FIGURE 2 Schematic view of the d i f f e r e n t  over laps  (number 
I,II,III refer to f i g u r e  1) 

D.C. ELECTRICAL CONDUCTIVITY 

The r o o m  temperature electrical conduct iv i ty  is higher along the b 
axis (side by side axis) than  along the s tacking  axis ( c )  : 
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(BEDTTTF),SbF, A N D  (BEDTTTF),AsF, 407 

ub 4-6, uc 4 . 2  n-'cm-' f o r  the SbF, salt and ub =2-3, 
ac =0.1-0.2 This is i n  agreement w i t h  
the r e l a t i v e  s t r eng th  of the over lap  between the neighbouring 
molecules. 

The temperature dependence of the r e s i s t i v i t y  shows a drastic 
e l e c t r o n i c  loca l i za t ion  a t  2 7 3 K  and 2 6 4 K  f o r  the SbF, and AsF, 
sal ts  respec t ive ly  ( f i g .  3). This  anomaly which may be i n t e r -  
preted as a phase t r a n s i t i o n  i a  c l e a r l y  evidenced by  t h e  m a x i m u m  
of t h e  logarithm der iva t ive  of t h e  r e s i s t i v i t y  ( i n s e r t  of 
f i g u r e  3) 

n-'Cm-' f o r  the AsF, salt. 

\ 
1 

200 3m T ( K j  

FIGURE 3 Temperature depen- FIGURE 4 Temperature depen- 
dence of the normalized resis- dence of the E . P . R .  l inewidth,  
t i v i t y  along the b axis (and i n  t h e  d i r e c t i o n  o f  the i n t e r -  
its de r iva t ive  i n  i n s e r t )  mediate value of the 9-factor 

E . P . R .  I4EAS-S 

The r o o m  temperature value o f  the E . P . R .  l inewidth is  around 20 G 
f o r  the t w o  salts, i n  agreement w i t h  t h e  r e s u l t s  a l ready  obtained 
f o r  ( B E D " ) z R e 0 1 6 .  This va lue  s i g n i f i c a n t l y  larger than  the 
r e s u l t s  obtained f o r  the TMlTF salts evidences the enhance of the 
2 D  character of these compounds. 

When cooling the linewidth and the i n t e n s i t y  o f  the E . P . R .  
s i g n a l  decrease s t rongly  around the temperature o f  the electrical 
anomaly ( f i g .  4 ) .  The sp in  s u s c e p t i b i l i t y  xp at lOOK is less than  
1% of t he  room t e m p e r a t u r e  value. These r e s u l t s  i n d i c a t e  t h a t  a 
gap is open i n  t h e  magnetic e x c i t a t i o n s  at low temperature. In 
t h e  range 100K-200K, t h e  f i t  of $ t o  the expression 
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408 R. LAVERSANNE er al 

= (C/T)e-MT gives an estimate of the activation 
XP energy : A = lOOOK. 

CONCLUSION 

These r e s u l t s  show clearly the Occurence of a phase t r a n s i t i o n  
close t o  room temperature i n  both the SbFe and ASP, BEIYIYTF salts. 
one can remark t h a t  such a r e s u l t  has been found on the pPP, salt  
by K o b a y a s h i  et al', bu t  w i t h  a t r a n s i t i o n  temperature ( 2 9 7 1 0  
s l igh t ly  higher than i n  o u r  salts. 

The n a t u r e  of the t r a n s i t i o n  is not  clear. H i g h  temperature  
metal-insulator transitions are o f t e n  interpreted as 
order-disorder t rans i t ions ' .  H o w e v e r  the anions are usual ly  
ordered at room temperature in the B E D m F  series. (BEUITTF),Re04 
which shows a t  ambien t  pressure a M-I phase t r a n s i t i o n  presenting 
s t r i k i n g  similarities w i t h  that  observed i n  o u r  samples has been 
extensively s t u d i e d .  The ReO, anions are ordered i n  the metallic 
phm and the nature of the M-I phase t r a n s i t i o n  is still unknown. 
Thus the localization occuring for the (BEDl"lF),MFe salts may 
have a completely new o r i g i n .  To deepen t h i s  p o i n t  X - r a y  
inves t iga t ions  at low t e m p e r a t u r e  are i n  progress. 

W e  gratefully acknowledge Dr. C. Coulon for f r u i t f u l l  
d i scuss ions  
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