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SYNTHESIS AND PROPERTIES OF TRIMETHYL-TSF CONTAINING 
ALLOYS OF THE TMTSF2 FAMILY 
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Department o f  Genera l  and Organ ic  Chemis t ry ,  Univer- 
s i t y  of  Copenhagen, DK-2100 Copenhagen, Denmark 
C .  S .  JACOBSEN, P h y s i c s  Department  3 and 
G.  RINDORF, N.  THORUP, Chemis t ry  Department B 
Techn ica l  U n i v e r s i t y  of  Denmark, DK-2800 Lyngby, 
Denmark 
K .  MORTENSEN 
R i s 0  N a t i o n a l  Labora to ry ,  DK-4000 R o s k i l d e ,  Denmark 
D.  MALLY 
L a b o r a t o i r e  de  Phys ique  d e s  S o l i d e s ,  91405 Orsay ,  
France  

A b s t r a c t  C a t i o n - r a d i c a l  s a l t s  o f  t h e  g e n e r a l  for-  
mula (TriMTSF TMTSF 1 2  (X = PF6, C 1 0 4 ,  z r a n g i n g  
from 0 t o  0.3f  were’ i g o s t r u c t u r a l .  The i n c o r p o r a t i o n  
o f  TriMTSF resu l ted  o n l y  i n  minor changes  i n  t h e  
t r a n s p o r t  p r o p e r t i e s ,  b u t  t h e  supe rconduc t ing  ground 
s ta te  w a s  comple t e ly  s u p p r e s s e d .  

INTRODUCTION 

The d i s c o v e r y  of  a supe rconduc t ing  ground s t a t e  i n  t h e  

TMTSF X compounds h a s  g e n e r a t e d  e x t e n s i v e  i n t e r e s t  i n  
t h i s  c l a s s  o f  m a t e r i a l s .  Along w i t h  a v a s t  number of i n -  

v e s t i g a t i o n s  on t h e  p r i s t i n e  materials a few s t u d i e s  of 
a l l o y s  have been unde r t aken .  Ti-iese a l l o y s  w e r e  made ad- 

mixing e i t h e r  s u l f u r  c o n t a i n i n g  ana logues  of TMTSF or  
d i f f e r e n t  monovalent a n i o n s .  

2 

1-6 

I n  o r d e r  t o  s t u d y  t h e  e f f e c t  o f  a v e r y  weak p e r t u r -  

b a t i o n  i n  t h e  donor  s t a c k  w e  have p r e p a r e d  a l l o y s  con- 

t a i n i n g  t h e  new donor  trimethyltetraselenafulvalene 
(TriMTSF). T h i s  compound o n l y  d i f f e r s  from TMTSF by 

having  a hydrogen atom i n  p l a c e  of one  o f  t h e  ( f o u r )  

methyl  groups .  I n  c o n t r a s t  t o  t h e  v a r i o u s  s u l f u r  c o n t a i n -  

i n g  dopan t s  t h e  i o n i s a t i o n  p o t e n t i a l  o f  TriMTSF i s  
211 
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278 I. JOHANNSEN el al. 

expected t o  be very c l o s e  t o  t h a t  of  TMTSF. 

I n  t h i s  work TriMTSF doped c a t i o n - r a d i c a l  sa l t s  of 
both t h e  PF6 and C 1 0 4  series have been s t u d i e d .  

SYNTHESIS AND CRYSTAL GROWTH 

TriMTSF w a s  syn thes i zed  by mixed t r i e t h y l p h o s p h i t e  coup- 
l i n g  of mono- and dimethyl-2-selenoxo-l , 3-diselenole7 i n  
r e f l u x i n g  benzene. The r e s u l t i n g  mixture  of d i - ,  t r i - ,  
and t e t r ame thy l  TSF w a s  f r a c t i o n a t e d  by means of r epea t -  
ed r e c r y s t a l l i z a t i o n  and g r a d i e n t  subl imat ion on to  t e f -  

l on  ( 2  times, 0 . 1  t o r r  H e ,  120OC) .8 The TMTSF used was 
g r a d i e n t  sublimed twice. 

The c a t i o n - r a d i c a l  sa l ts  were grown from THF so- 
l u t i o n s  of TriMTSF and TMTSF i n  t h e  d e s i r e d  molar ra t ios .  
The counter  i o n s  ( C 1 0 4  and PF;) were added as t h e i r  te-  
t r a h e x y l  ammonium sal ts  (0 .1  M )  . 

RESULTS AND DISCUSSION 

The e l ec t rochemica l  ox ida t ion  p o t e n t i a l s  and v i s i b l e  ab- 
s o r p t i o n  s p e c t r a  of t h e  n e u t r a l  donors were measured. As 

expected t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  between t h e  
f i r s t  o x i d a t i o n  p o t e n t i a l s  of TriMTSF and TMTSF. I n  t h e  

abso rp t ion  s p e c t r a  t h e r e  is a lone b lue  s h i f t  going from 
TMTSF to  TriMTSF. Th i s  i s  i n  accordance wi th  t h e  removal 

of one electron donat ing methyl group. 

t a i n i n g  TriMTSF concen t r a t ions  up t o  30% had t h e  same 
morphology as t h e  p r i s t i n e  c r y s t a l s  a l though t h e r e  was 
an increased tendency t o  twinning i n  t h e  samples wi th  
t h e  h ighes t  TriMTSF content .  

The e l ec t rochemica l ly  prepared a l l o y  c r y s t a l s  con- 

S ing le  c r y s t a l  X-ray d i f f r a c t i o n  c l e a r l y  demanstra- 
t e d  t h a t  t h e  a l l o y  samples were i s o s t r u c t u r a l  w i th  t h e  
corresponding pure TMTSF compounds. 
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TRIMETHYL-TSF CONTAINING ALLOYS OF THE TMTSF, FAMILY 219 

FIGURE 1 DC-conductivity of (TMTSF,-ZTriMTSFZ)2C104 

The C104-series was studied in more detail. The unit 
cell volumes were determined with high accuracy as a 
function of molar ratio. A small but significant contract- 
ion of the unit cell was observed upon doping. 

Transport Properties 

DC-conductivities were measured using the conventional 
4-probe technique. In the samples of high TriMTSF concen- 
trations resistivity jumps occured frequently on cooling 
due to microcracking. The effects arising from these mi- 
crocracks were substracted in the data given in figs 1 

and 2. 

ClO,-series 

The DC-conductivity of the alloy samples of (TriMTSFx- 
TMTSF,-x)2C104 exhibits strong deviation from T 
dency at higher temperatures than the pristine material 

-2 depen- 
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280 1. JOHANNSEN n ul. 

does.  The conduc t iv i ty  enhancements from RT t o  low tempe- 
r a t u r e  are t h u s  lower. The 30% doped sample e x h i b i t s  a 
shallow conduc t iv i ty  maximum around 1OK. However, t h e  
o v e r a l l  p i c t u r e  is n o t  d r a m a t i c a l l y  d i f f e r e n t  from t h a t  
of t h e  pure material, and it is q u i t e  d i f f e r e n t  from t h e  
behaviour of TMTSFZC104 doped with TMTTF. I n  t h e  l a t t e r  
case TMTTF concen t r a t ions  as low as 0.5% g i v e  a substan- 
t i a l  rise i n  r e s i s t i v i t y  a t  temperatures  below 40K. 

I n  o rde r  t o  see i f  t h e  superconducting ground s ta te  
could su rv ive  doping a s i n g l e  c r y s t a l  c o n t a i n i n g  10% 
TriMTSF was sub jec t ed  t o  DC-Meissnereffect measurements. 
NoMeis sne re f f ec t  w a s  observed, and t h u s  no b u l k  super- 
conducting s ta te  appea red . (T  > O.lK, P 0-5 k b a r ) .  

3 

1 

aoi 

FIGURE 2 DC-conductivity of (TMTSF1-ZTriMTSFZ)2PF6 

- PF6-Series  

The DC-conductivity data are given i n  f i g .  2 .  As i n  t h e  
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TRIMETHYL-TSF CONTAINING ALLOYS OF THE TMTSF, FAMILY 281 

C104 series no dramatic effects were observed upon do- 
ping. Most remarkable is that even in the samples with 
high TriMTSF concentrations the metal-insulator transit- 
ion temperature is virtually unchanged. The transition 
in (TriMTSF0.3TMTSF0,7)2PF6 is broadened to some extent 
(see inserted fig.) indicating the presence of some 
disorder. 

In conclusion the conductivity data for the alloyed 
samples in both the PF6 and C104 series agree with the 
expected behaviour, namely that the doping with TriMTSF 
gives rise to very little perturbation of the periodic 
potential since the SDW state is only sliqthly affected. 
On the other hand the Meissner effect measurements again 
emphasize the sensitivity of the superconducting state 
to non magnetic defects. 
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