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THE ROLE OF TMTSF SYNTHESIS ON THE SUPERCONDUCTING PROPERTIES 
OF (TMTSF) 2 C 1 0 4  

A. ?IORADPOUR, K .  UECHGAARD, M. BARRIE, C. LENOIR, K.  ZURATA, 
R. C .  LACOE, M. RIBAULT, D. JEROME. 
L a b o r a t o i r e  de Physique d e s  S o l i d e s  ( a s s o c i s  C.N.0.S) Univer-  
s i t e  Pa r i s -Sud ,  F-91405 Orsay,  F rance  

A b s t r a c t  The supe rconduc t ing  p r o p e r t i e s  of (TMTSF)2C10 we- 
r e  found t o  be h i g h l y  dependent  on t h e  o r i g i n  o f  
o b t a i n e d  by d i f f e r e n t  s y n t h e t i c  p r o c e d u r e s .  These d i f f e r e n c e s  
were a s s i g n e d  t o  t h e  p r e s e n c e  of low amounts of s u l f u r  (up t o  
0 . 3 % ) ,  i n t r o d u c e d  , i n  p l a c e  of s e l e n i u m ,  i n  t h e  c o u r s e  of 
t h e  s y n t h e s i s  a v o i d i n g  t h e  use  of CSe The W e r  method was 
improved so t h e  s u p e r c o n d u c t i n g  t r a n s i t i o n  o f  (TMTSF) C 1 0  
t he re f rom was found t o  be t h e  same a s  f o r  samples  prepareA 
w i t h  TMTSF s y n t h e s i z e d  from CSe 

t h e  TkTSF 

2 ' .  
2 

2 '  

INTRODUCTION 

S i n c e  t h e  f i r s t  s y n t h e s i s  o f  

(TMTSF) from CSeZ1, v a r i o u s  p r e p a r a t i o n s  of t h i s  compound have 

been reported ' .  Although t h e  M t e r  p r o c e d u r e s  o f f e r  t h e  advan tage  

o f  a v o i d i n g  t h e  use  of such  t e d i o u s l y  o b t a i n a b l e  (CSe ) o r  h i g h l y  

expens ive  o r  t o x i c  i n t e r m e d i a t e s  (H2Se) ,  t h e  u l t i m a t e  i n t e r e s t  o f  

t h e s e  s y n t h e s i s  l i es ,  b e s i d e  an e a s i e r  a c c e s s  t o  TMTSF, on t h e  

s o l i d - s t a t e  p r o p e r t i e s  o f  t h e  m a t e r i a l  d e r i v e d  t h e r e f r o m .  We wish 

t o  r e p o r t  h e r e  t h a t  s i g n i f i c a n t  d i f f e r e n c e s  are found i n  t h e  su- 

p e r c o n d u c t i n g  p r o p e r t i e s  o f  (TMTSF) C 1 0  which depend on t h e  me- 

thod  and /o r  o r i g i n  of t h e  TMTSF. We have a l s o  improved t h e  proce-  

d u r e  based on t h e  use  of N,N-dimethylphosgenimminium c h l o r i d e  

and r e p o r t  t h a t  TMTSF, p r e p a r e d  t h i s  way, when c o n v e r t e d  t o  

p e r c h l o r a t e  s a l t  r e c o v e r s  t h e  u s u a l  s u p e r c o n d u c t i n g  b e h a v i o u r  

samples  coming from t h e  CSe 

t e t r ame thy l  t e t r a s e l e n a f u l v a l e n e  

2 

2 4  

2 

t h e  

o f  

p r e p a r a t i o n s .  2 
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70 A. MORADPOUR et al. 

RESULTS AND DISCUSSION 

A l l  of t h e  (TMTSF)2C10 

c u r r e n t  e l e c t r o c r y s t a l l i z a t i o n s  i n  THF w i t h  nBu4N C 1 0 4  

t r o l y t e ,  a f t e r  var ious  TMTSF have been r e c r y s t a l l i z e d  twice and 

gradien t  sublimed before  use.  The c o n d u c t i v i t y  was measured us ing  

a d i l u t i o n  r e f r i g e r a t o r  by t h e  u s u a l  a-c f o u r  probe method. The 

sample 

dur ing  t h e  f i r s t  run,  2 and d dur ing  t h e  second (see  t a b l e  1) 

c r y s t a l s  here  were obta ined  by cons tan t  
+ -  4 

a s  elec- 

resistance was measured s imultaneously f o r  samples 8 and 5 

TABLE 1 Or ig in  and p u r i t y  of (TMTSF),ClO,, samples 

Sample Or ig in  S u l f u r  conten t  as d e t e r -  
mined by microanalys is  (2) 

- a CSe2 (s tandard  
sample f o r  t h i s  work) 

n o t  de tec ted  

- b prepared as descr ibed  i n  r e f  2 0.3 

- c methylphosgeninnniniurn c h l o r i d e  n o t  d e t e c t e d  
prepared from p u r i f i e d  N,N-di- 

(new-synthe t ic  procedure) 

- d commercial TMTSF (Strem Co.) 0.1 

T h e  time of cool ing  from 30 K to 4.2 K was c o n t r o l l e d  t o  b e  2 h., 

which corresponds t o  t h e  re laxed-s ta te3  and which was s u f f i c i e n t  

f o r  v e r i f y i n g  t h e  super- 

1 conduct ing p r o p e r t i e s .  

The r e s i s t a n c e  upturn  a t  
l i q u i d  helium temperatu- 

re and a broad supercon- 

d u c t i n g  t r a n s i t i o n  below 

0.9 K were observed ( f i -  

gure 1) i n  sample 5 
(prepared from N,N-dirne- 

thylphosgenimminium FIGURE 1 Normalized r e s i s t i v i t y  vs .  
temperature  f o r  samples 2-2 ( t a b l e  1) chlor ide '  as rece ived  
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THE ROLE OF TMTSF SYNTHESIS 71 

from Fluka.) ,which i s  i n  c o n t r a s t  t o  t h a t  of t h e  s t a n d a r d  sample 2 
from CSe2.  The r e s u l t s  w i t h  

works on ((TMTSF) l-x(TMTTF)x)2C1044 i n  which t h e  broad supercon- 

duc t ing  t r a n s i t i o n  appeared below SDW ( s p i n  d e n s i t y  wave) tempera- 

t u r e  i n  t h e  concent ra t ions  x <' 0.5% . S i m i l a r  p r o p e r t i e s  have been 
5 

seen  in o t h e r  a l l o y s  systems,  f o r  example (TMTSF)2(C104)l-x(Re04)x 
w i t h  low concent ra t ion  of x . The importance of t h e  impur i ty  

t h e  c r y s t a l  prompted us  t o  examine t h e  p u r i t y  of t h e  corresponding 

samples. In f a c t  sample b c o n t a i n s  low amounts of  s u l f u r ,  

e a s i l y  d e t e c t e d  by mass spec t romet ry  and determined by microanaly- 

s i s  t o  be  0.3% . Almost t h e  same amount i s  found i n  t h e  s t a r t i n g  

phosgenimminium s a l t , w h i l e  no s u l f u r  was d e t e c t e d  by e i t h e r  method 

i n  sample a . These low amounts of s u l f u r ,  i n  p l a c e  of selenium 

can b e  r a t i o n n a l i z e d  assuming t h e  presence  of traces of N,N dime- 

thy lcarbamovlchlor ide ,  an i n t e r m e d i a t e  i n  t h e  p r e p a r a t i o n  of phos- 

genimminium c h l o r i d e 6  . I n  f a c t ,  t h e  former compound - p r e s e n t l y  

an impuri ty  - h a s  been considered and used f o r  the s y n t h e s i s  of 

mixed t h i a s e l e n a f u l v a l e n e  . Removal of t h e  s u l f u r  was then requi-  

red  . This  i s  p o s s i b l e  by r e p e a t e d l y  subl iming t h e  s t a r t i n g  N,N-di 

methylphosgenimminium c h l o r i d e  ( 6 s u c c e s s i v e  runs a t  lOO"C, 
0.1 t o r r )  . Sample 5 with no r e s i d u a l  s u l f u r  i s  o b t a i n e d  and t h e  

expected superconduct ing t r a n s i t i o n  ( f i g u r e  L, curve 2 v s .  a ) is 

sample b are similar t o  t h e  a l l o y s  

i n  

7 .  8 

recovered t h i s  way. By 

t h e  time t h i s  s tudy  was 

made, TMTSF became 

commercially a v a i l a b l e  

(Strem Co.), s o  w e  have 

a l s o  examined t h e  per-  

c h l o r a t e  s a l t  from t h i s  

o r i g i n  ( t a b l e  - 1,sample d 
and f i g u r e  2 ) .  A small 

b u t  s i g n i f i c a n t  d i f f e -  FIGURE 2 Normalized r e s i s t i v i t y  vs .  
temperature  f o r  samples c ,d  ( t a b l e l )  rence i s  observed - -  - 
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12 A. MORADPOUR et al. 

between thelatter and t h e  s u l f u r l e s s  sample 5 ( f igu re  2 , curve 5 
and d ) .  This d i f fe rence  i s  c e r t a i n l y  r e l a t e d  t o  

have found i n  sample d . 
0.1X s u l f u r  we 

fn summary , these  r e s u l t s  show t h a t  it is poss ib le  t o  synthe- 

s i z e  TMTSF by the  phosgenimminium rou te  with a p u r i t y  comparable 

t o  samples obtained by the  more tedious CSe2 synthes is .  These re- 

s u l t s  obviously a l so  i l l u s t r a t e  the  already w e l l  e s tab l i shed  high 

s e n s i t i v i t y  of the  organic superconductivity to any defec t  01: 
disorder i n  these s o l i d s .  
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