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ELECTRICAL PROPERTIES OF 3 , 4 , 5-TRIS (ALKYLTHIO) 
-II2-DITHIOLIUM CHARGE TRANSFER COMPLEXES 

G .  c . APAVASSILIOU' , J. s . ZAMBOUNIS~ , p. .E . UNDER- 

' T h e o r e t i c a l  and P h y s i c a l  Chemistry I n s t i t u t e  , 
The N a t i o n a l  H e l l e n i c  P.esearch Foundat ion ,  4 8 ,  
yassileos Cons tan t inou  A V e .  ,Athens 116/35 ,Greece 

Department o f  Chemis t ry ,  U n i v e r s i t y  of Nor th  
yales ,  Bangor, Gwynedd LL57 2UW, England.  

I n s t i t u t  f u r  angewandte Phys ik  d e r  U n i v e r s i i S t  
K a r l s r u h e ,  K a i s e r s t r a s s e  12,D-7500 K a r l s r u h e ,  
Germany. 

HILL 5 ,B.KAYE2 E.ND H.P.GESERICI13. 

The dc-conductivity of the charge transfer complexes of 
3,4,5-tris (alkylthio)-1,2-dithiolium with tetracyanoqui- 
nodimethane, M(dmit 2 (where M=Ni, Pt , Pd and dmit=dimer- 
captoisotrithione), etc. for a wide range of temperature 
is reported. 

4,5-Bis(alkylthio)-l,2-dithiole-3-thiones react 
w i t h  methyl  i o d i d e  t o  g i v e  3 , 4 , 5 - t r i s ( a l k y l t h i o )  

-1,2- d i t h i o l i u m  i o d i d e s  [I] . 
a number of c h a r g e  t r a n s f e r  (CT) corcplexes w i t h  

tetracyanoc1uinodinethane (TCNQ) , w i t h  M(drnit) 

(where M=Ni,Pt,Pd and dmit=dimercaptoisotrithione) , 
e tc .  [I 1, [2 J. P r e l i m i n a r y  r e s u l t s  of  t h e  c o n d u c t i v i -  

t y  measurexents  a t  room t e m p e r a t u r e  i n  p o l y c r y s t a l -  

l i n e  compressed d i s c s  of  t h e s e  complexes have been 

r e p o r t e d  i n  [I 1 and 

c a l  P r o p e r t i e s  of  t h e  above CT complexes a r e  d e s -  

c r i b e d  i n  d e t a i l .  I n  a few cases t h e  dc-conduct i -  

These compounds g i v e  

[2 1. I n  t h i s  p a p e r  t h e  e l e c t r i -  
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0. C. PAPAVASSILIOU et ol. 54 

vity of sincjle crystals over a wide range of tempe- 
rature was measured and compared with that of 
other similar conducting solids. 

At rooxr temFerature the dc-conductivity ( u ~ . ~ )  
of sinyle crystals, measured alonq the needle-axis: 
( 2 )  by a four-probe technique, was 161-’cm-’ (avera- 
ge of six samples) for [3,4 , 5-tris (methylthio) -1 , 
2-dithiolim lo.  ( TCNQ) , 4n-I cm-I (average of four 
samples) for [4 I 5- (~ropylenedithio) -3- (nethylthid 

1 , 2-dithioliuml o. (TCNQ) I 5 , 1 and 0.762-’ ern-' for 
[., 4 , 5-tris (methylthio) -1 , 2-dithiolium] o. 5H(dmit)2, 
where M = N i ,  Pt and Fd, respectively. The dc- 
conductivity of Zx [Ni (&it) 2 1  where (Z=n-Eu4Ni , 
x<l) , see ref. [3-51 , at room tenperature was found 
to be of the same order of magnitude. Fig. 1 show 
the variation of conductivity (a) with terperatu- 
re and inverse ter?.perature for a single crystal 
of 
olium I o a 5  (TCN@) along the needle-axis direction 
( 2 ) .  Fig.2 shows the variation of conductivity 
with temperature and inverse terperature for a 
compressed disc of [3,4,5-tris(methylthio)-II2-di- 
thiolium ] O s 5  Ni(dmit) (~~~=361-~cm-’). Although se- 
niconductors at room temperature, the materials 
show some indication that they may underco semicon- 
ductor/rretal phase changes above the roon: terrpera- 
ture. The activation energy for a single crystal 
of [4,5-(propylenedithio~-3-(rnethylthio~-lI2-dithi- 
olium bS5(TCNQ) in the reqion of 25-50K was found 
to be 25meV(average of two samples). The activati- 
on energy for a polycrystalline disc of [3 , 4,5-tris 
(methylthio)-1,2-dithiolium 10.5Ni(dmit)2was found 

[4 I 5- (Fropylenedithio) -3- (rethylthio) -1 , 2-dithi- 
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ELECTRICAL PROPERTIES OF CHARGE TRANSFER COMPLEXES 55 

t o  be 30meV between 25 and 60K. The a c t i v a t i o n  
e n e r q y  f o r  a s i n c l e  c r y s t a l  of ( B U ~ N ) ~ . ~ ~  N i ( d m i t j ,  

( p r e p a r e d  by t h e  metho2 E ,  r e f .  [31 ,  f r o r  a 
" t r i n c l i n i c "  c r y s t a l  of Eu4N N i  (dmi t )  [ 4 ]  1 was 
found t o  be of t h e  sane o r d e r  o f  magni tude [ 4 1 .  

Frorr. t h e  S t o i c l d o m e t r y  o f  t h e  compounds it 
a p p e a r s  t h a t  t h e  c o n d u c t i o n  p r o c e s s  w i l l  i n v o l v e  
t h e  TCMQ or M(dmit) m o l e c u l e s  r a t h e r  t h a n  t h e  s u l -  

Fig.1. 
se temperature for a single crystal of [4,5-(propylenedithio) 
-3-(methylthi0)-1,2-dithioliurn]~.~ (TCNQ). It exhibits sharp 
drops in conductivity with decreasing temperature & b ) . T h e  
conductivity shown originaly at room temperature was recove- 
red on warming (ma..). 
microcracks forming in the crystal. 

Variation of conductivity with temperature and inver- 

The breaks are probably due to the 

f u r  c o n t a i n i n g  ( O r  Bu4N) c a t i o n s .  The so-called 
complex TCNQ sa l t s  o f  s t o i c h i o m e t r y  PI' (TCMQ) 
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56 G. C. PAPAVASSILIOU rt d. 

(where K i s  a monovalent cation) can be grouped 
into three larqe classes, each characterized by 
their similarity in physical properties [61. 
hiqh conductivity class compounds exhibit conducti- 
vities of I 0-1 00n-l cm” at room temperature, Petal- 
lic behaviour at roon temperature, a metal semicon- 
ductor transition at lower tercperature an$. a low 

The 

$. 
m 
II 1 :\ 

310 280 250 220 190 160 130 
T I K  

I -16.8 
== 

- 1 a . o l  
3 4 5 6 7 8 9  

I O O O K 1 1  

Fig.2. 
se temperature for a polycrystalline disc of [3,4,5-tris(me- 
thylthio)-1,2-dithiolium] o. Ni( dmit)2. 

activation enerqy (20-30meV) below the transition. 
The complexes of the intermediate class exhibit 
conductivities srcaller by several orders of maqni- 
tude and serriconducting behaviour at room. tenpera- 
ture with,an activation enerqy of 200-300meV. 

Variation of conductivity with temperature and inver- 
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ELECTRICAL PROPERTIES OF CHARGE TRANSFER COMPLEXES 51 

The third class are practically insulators at room 
temperature. 

The ComFounds of this investiration do not cle- 
arly fall into either the high-or the intermec?iate- 
-conductivity class of compounds. The most consi- 
stent picture is that of a hich conductivity class 
compounds with an unusually hiqh metal/insulator 
transition above roon terperature. This would be 
consistent with the rather low room temperature 
conductivity, the small activation energy in the 
semiconductor reqion, and the slowly increasinq 
conductivity with tercperature at room temperature. 

The conductivity of the polycrystalline compres- 
sed discs of these compounds do not differ consi- 
derably than that of single crystals in the needle 
axis direction. Also the polarised reflectance spe- 
ctra do not show large differences if the po- 
larization of the light is changed. FicJ.3 shows, 

03 .4 

I , I  

0.5 1 ao s a1 Oa2 wfi/,” 

Fig .3 .  
[3,4,5-tris(rnethylthi0)-1,2-dithiolium]~~~ (TCNQ). 

Polarized reflectance spectra of a single crystal of 

for example, the polarized reflectance spectra of 
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58 0. C. PAPAVASSILIOU et d. 

a sinqle crystal of [3,4,5-tris(methylthio)-1,2- 
-dithioli~m]~.~(TCNQ) observed at room tenperature 
with the wave-vector(E) parallel (El 12) and per- 
pendicular (EL21 to the needle axis (Z) .The last 
observations and the unusually high transition 
temperature indicate that the compounds are two- 
or three-dimensional semiconductors.These results 
must await detailed structural studies which will 
show the extent of interaction of the sulfur 
in the cation with the TCNQ or Ni(dmitI2 stacks. 
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