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HIGHLY CONDUCTING TRANSITION METAL COMPLEXES DERIVED FROM THE 
DMIT-LIGAND 

P. CASSOUX, L. VALADE, M. BOUSSEAU, J-P. LEGROS 
Laboratoire de Chimie de Coordination du CNRS, 205 route de 
Narbonne, 31400 Toulouse, France. 

M. GARBAUSKAS, L. INTERRANTE 
General Electric R & D Center, Schenectady, NY 12301, U.S.A. 

Abstract The nature of the metal M (M = Ni, Pd, Pt) plays a 
predominant role in determining the transport properties and 
the structure of the TTF[M(d~nit)~l~ series. 

INTRODUCTION 

It has been well established that, in order to maintain the 
metallic state for a molecular metal system down to very low 
temperatures, effective interstack electronic coupling is needed 
among other things to avoid Peierls transition.' The use of sulfur 
atoms on the periphery of the molecular units as a means of 
extending the IT electron system and promoting interstack coupling 
is one of the possible strategy. We report here the results 

obtained for the TTF[M(d~nit)~l~ series (H2dmit = 4,5-dimercapto- 
1.3-dithiole-2-thione; M = Ni or Pd, x = 2; M = Pt, x = 3 ) .  It 
w i l l  be shown that such systems approach the objective of a "true 
3-D molecular metal" much more closely than any previous examples 
and that the nature of M plays a predominant role in determining 
the transport properties and the structure of these highly con- 
ducting transition metal complexes. 

RESULTS 

Crystals of the TTF[M(dmit),Ix complexes have been obtained 
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Mgg I d c n ” 1  

Log conductivity 
vs temperature 
for a crystal of 
TTF[Ni (dmi t) 2] 

:& 
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100 m 

by slow interdiffusion of 

acetonitrile solutions of 
(TTF)3(BF4)2 and (n-Bu4N)- 
[M(dmitI2 ] . We have re- 

cently reported * that the 
nickel complex analogue, 
TTF [Ni (dmi t ) 2] exhibits a 
metal-like conductivity 
temperature dependence 
down to 4 K, with a con- 
ductivity at room temper- 
ature of %. 300 51-l cm-l 

and at 4 K of over 10 S2-l 

cm (Figure 1). A uniform 
segregated stacking 
arrangement of the const- 
ituent TTF and Ni(dmitI2 
units is observed in which 

5 
- 1  

close intermolecular contacts involving sulfur atoms on both types 
of molecules occur mainly between units in adjacent stacks, lead- 
ing to a three-dimensional network of closely spaced molecules 
(Figure 2). 

Figure 2. Crystal structure of TTF[Ni(dmi)2]2 
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HIGHLY CONDUCTING TRANSITION METAL COMPLEXES 379 

complex analogue has the same 1:2 stoi- 

chiometry and powder diagrams indicate that this compound is iso- 

structural to the nickel complex. The room temperature conductiv- 
ity is still higher, E. 700 

The TTF [Pd(dmit)2] 

em-1. 

for a crystal of 
TTF [Pd (dmi t) 2 ] 2  

The palladium 
complex exhibits 
a quasi-metal- 
like conductiv- 
ity temperature 
dependence down 

(Figure 3 ) .  This 
quasi-metallic 

behavior is maintained on cooling and warming cycling as long as 
the temperature remains higher than 220 K. Below this temperature, 
the crystals undergo an irreversible metal-to-insulator transition 
and exhibit a semi-conducting behavior on subsequent temperature 
cycling. However, the room temperature conductivity returns to its 
initial value. 

The properties and structure of the platinum member of  the 
series are quite 
different: (i) 
the stoichiome- 

try is now 1:3, 

TTF [Pt (dmit) 2] 3 ;  

(ii) these crys- 
I tals exhibit a Log conductivity 

vs temperature thermally activ- 
ated conductiv- 
ity (Figure 4 ;  
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380 P. CASSOUX er al. 

= 0.03 to 0.2 eV); Ea 
(iii) the semi-conducting 
behavior is reflected in 
the structure, which con- 

sists of non-uniform 
stacks of Pt (dmit)2 units 
comprising alternate mono- 
mer and dimer molecules, 

sm and of uniform stacks of -- TTF with large stacking 

distances (6.31 A) (Figure 
0 &r- - 5). 

b P A  

1 -  

Figure 5 
Crystal structure of TTFtPt(dmit)213 
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