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SOME MECHANISTIC ASPECTS I N  THE FORMATION OF 
TETRATHIAFULVALENIUM SALTS 

M Y R I A M  LAMACHE, KACEM EL KACEMI  
L a b o r a t o i r e  de Chimie Ana ly t i que ,  U n i v e r s i t 6  P. e t  M. C u r i e  
8 rue  Cuvier ,  75005 P a r i s ,  FRANCE. 

Abs t rac t  The anodic o x i d a t i o n  o f  TTF i n  t h e  presence o f  SCN- 
i o n s  has been s t u d i e d  by s e v e r a l  e lec t rochemica l  t echn ics .  Two 
d i f f e r e n t  mixed-valence s a l t s  TTF (SCN)0.5q and TTF (SCN)o.,4 
have been i s o l a t e d .  

INTRODUCTION 

Much i n t e r e s t  has been focussed these l a s t  years on t h e  s y n t h e s i s  

and p h y s i c a l  p r o p e r t i e s  o f  TTF mixed-valence s a l t s  TTFXn (O<n<l) 

because o f  t h e i r  h i g h  c o n d u c t i v i t y .  I n  t h e  case o f  X- SCN- d i f -  

f e r e n t  phases have been i s o l a t e d  which composi t ion v a r i e s  from 

TTF(SCN)0.45 t o  TTF(SCN)0.70. 2-3  We have s t u d i e d  t h e  anodic o x i d a t i o n  

o f  TTF i n  t h e  presence o f  t h iocyana te  i o n s  i n  o rde r  t o  p r e c i s e  t h e  

composi t ion o f  t h e  d i f f e r e n t  phases formed d u r i n g  t h e  e lec t roche-  

m i c a l  r e a c t i o n s  and t h e i r  mechanism o f  format ion.  

ANODIC O X I D A T I O N  OF TTF I N  ACETONITRILE OR AQUEOUS MEDIUM 

In  t h e  presence o f  I O - I M  tetrabutylammonium p e r c h l o r a t e  (NBu4C104) 

as suppor t i ng  e l e c t r o l y t e ,  t h e  voltammogram o f  an a c e t o n i t r i l e  

s o l u t i o n  o f  TTF shows a t  a r o t a t i n g  p l a t i n u m  e l e c t r o d e ,  two reve r -  

s i b l e  one-e lect ron waves corresponding t o  t h e  success ive f o r m a t i o n  

o f  TTF'+ and TTF2+ ( F i g .  I b ) .  When SCN- i s  added, t h e  fo rma t ion  o f  

a s o l i d  depos i t  can he observed a t  t h e  anode f o r  E >, 0.30 V .  The 

enhancement o f  t he  l i m i t i n g  c u r r e n t  ( F i g .  I c )  i n d i c a t e s  t h e  forma- 

t i o n  o f  a conduct ing species.  
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1 

FIGURE 1 : i - E  curve a t  a r o t a t i n g  

p l a t i n u m  e l e c t r o d e  o f  a c e t o n i t r i l e  

s o l u t i o n s  (10-IM NBu4C104). (b) 
TTF ~ x I O - ~  M ; ( c )  TTF ~ x I O - ~  M + 
SCN- 3x10-’ M ; (a) SCN- ~ x I O - ~  M. 

FIGURE 2 : c y c l i c  voltammogram 

a t  a carbon pas te  e l e c t r o d e  ; 
-5 

aqueous 1M KSCN ; v = 2 . 5 ~ 1 0  

v.s . 
(---) TTF 0.64 mg ; (-1 TTF 

1.57 mg 

-1  

C o n t r o l l e d - p o t e n t i a l  and c o n t r o l l e d - c u r r e n t  e l e c t r o l y s e s  o f  ~ x I O - ~ M  

TTF s o l u t i o n s  have been performed i n  t h e  presence o f  l o - ’  M 

NBu4SCN. For low a p p l i e d  v o l t a g e  (0.30 V )  one phase i s  i s o l a t e d  : 

TTF (SCN)o.59. The s o l i d  c o n s i s t s  o f  b l a c k - b r i g h t  needles 10 mm 

long.  For h ighe r  a p p l i e d  vo l tage ,  o r  a t  cons tan t  c u r r e n t  (20 PA), 

t h e r e  i s  format ion o f  a m i x t u r e  o f  two phases : TTF(SCN)0.59 and 

TTF (SCN) o. 64 ( b l a c k  powder ) . 
The anodic o x i d a t i o n  o f  s o l i d  TTF has a l s o  been s t u d i e d  by means o f  

a carbon pas te  e l e c t r o d e  ‘. The cu rve  ob ta ined  i n  an aqueous medium 

c o n t a i n i n g  SCN- i o n s  i s  c h a r a c t e r i z e d  by t h r e e  anodic peaks (A1,  

A 2 ,  A3) which areas correspond r e s p e c t i v e l y  t o  t h e  exchange o f  

0.59, 0.05 and 0.36 e l e c t r o n  p e r  TTF molecule (F ig .  Z ) ,  i n d i c a t i n g  

t h e  fo rma t ion  o f  t h e  two mixed-valence s a l t s  : TTF(SCN)0.59 and 

TTF (SCN l o .  64 (F ig .  2 ) .  Taking i n  account t h e  r e v e r s i b i l i t y  o f  t h e  

e lec t rochemica l  r e a c t i o n s ,  t h e  o v e r a l l  process can be summarized 

by t h e  f o l l o w i n g  scheme : 

A ”  
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THE FORMATION OF TETRATHIAFULVALENIUM SALTS 251 

VOLTAMMETRIC INVESTIGATION OF THE ELECTRODE PROCESS 

The shape o f  t h e  c y c l i c  voltammogram o f  a c e t o n i t r i l e  s o l u t i o n s  o f  

TTF depends on the  p o t e n t i a l  scan r a t e  ( v ) ,  t h iocyana te  and TTF 

concen t ra t i ons  ( 1 SCN-I , I TTF 1 ) .  For low va lues  o f  I SCN-I and 1 TTF 1 
and v = 10-lV.s-l; t h e  cu rve  shows one anodic  peak ( A )  and one ca- 

t h o d i c  peak (C) corresponding t o  t h e  r e v e r s i b l e  r e a c t i o n  : TTF= 

TTF*+  + e- ( 1 )  ; t h e  r a t i o  i /i 

values o f  ISCN- I  or ITTFI, t h i s  e l e c t r o n  t r a n s f e r  i s  f o l l o w e d  by a 

chemical  r e a c t i o n  which a f f e c t s  t h e  l i m i t i n g  c u r r e n t s  : i /i 

decreases, and a second ca thod ic  peak ( C ' )  appears ( F i g .  3b). The 

v a r i a t i o n  o f  t h e  r a t i o  o f  t h e  l i m i t i n g  peak c u r r e n t  i t o  t h e  

d i f f u s i o n - c o n t r o l l e d  c u r r e n t  i ( o b t a i n e d  i n  t h e  absence o f  

coupled chemical r e a c t i o n )  w i t h  ITTFl i s  shown on F i g u r e  4. For  

ITTFI  < 2x10 M, i /i = 1 o n l y  r e a c t i o n  ( 1 )  occurs.  For  

Z X I O - ~  M < ITTFl < 8x10 

c e  o f  t h e  chemical  r e a c t i o n  which i n v o l v e s  t h e  species TTF, TTF'+ 

and SCN-. For  1TTFI 3 8xIOm3 M i /i tends towards a l i m i t i n g  

value. The presence o f  c r y s t a l s  i s  then  observed a t  t h e  e lec t rode ,  

i n d i c a t i n g  t h a t  t he  chemical r e a c t i o n  i s  f a s t .  The f o l l o w i n g  reac- 

t i o n s  occur  : 

= 1 (F ig .  3a). Fo r  h i g h  
PC,O PA,O 

PC PA 

PA 

PAYO 

-3 
PA p p  

M,i /i decreases due t o  t h e  e x i s t e n -  
PA PA90 

PA PA70 

n T T F  + n TTF*+  + ne- ( 1 )  

(1-n)TTF + n TTFo+ + n SCN- + TTF(SCN)n ( 2 )  

t h e  va lue  o f  t henumbero f  e l e c t r o n  ( n )  exchanged d u r i n g  t h e  o v e r a l l  

process : 

TTF +. n SCN- + TTF 

which can be deduced from 

0.6. 

SCN), + ne- ( 3 )  

t h e  va lue o f  i /i i s  found c l o s e  t o  
PA PA90 
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258 M. LAMACHE AND K. EL KACEMI 

A 

FIGURE 3 : c y c l i c  voltammogram o f  FIGURE 4 : V a r i a t i o n  o f  i / 
T T F  i n  a c e t o n i t r i l e  ( l o - '  M i with t h e  TTF concentra- 

NBu4C104) v = 10-lV.s-l ; a : - t i o n  ; v = 0.5v.s-I ; ID-' M 

ISCN-1 = M j b : --- ISCN- I=  NBu4SCN 

3x10m3 M 

PA 

PA,O 

This  va lue  can be compared t o  t h e  composi t ion o f  t h e  f i r s t  mixed- 

valence s a l t  i s o l a t e d  by e l e c t r o c r y s t a l l i z a t i o n  : TTF(SCN)O. 59.  
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