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PHYSICAL AND STRUCTURAL PROPERTIES OF A NEW SERIES OF RADICAL- 
CATION SALTS BASED ON THE TETRASELENAFULVALENE BACKBONE : 
DMtTSeF, - X 

P. DELHAES, E. DUPART, J.P. MANCEAU, C. COULON 
Centre de Recherches Paul Pascal, CNRS, Domaine Universitaire 
33405 TALENCE, FRANCE. 
D. CHASSEAU et J. GAULTIER 
Laboratoire de Cristallogravhie, UniversitC de Bordeaux I, 
33405 TALENCE, FRANCE. 
J.M, FABRE et L. CIRAL 
Laboratoire de Chimie Structurale Organicye, USTL, 
34060 MONTPELLIER, FRANCE. 

Abstract We have synthetized and purified the dimethyltrime- 
thylene tetraselenafulvalene (DNtTSeF). From this unsymmetri- 
cal molecule a series of radical cation salts has been prena- 
red by electro-oxidation. This new series, isostoicheiometric 
and isomorphous with the TMTSeF salts, exhibits a metallic 
behavior down to 0,1 K without any sign of either a metal- 
insulator or a superconducting phase transition. 

The synthesis of new compounds with the tetraselenafulvalene (TSeF) 
backbone but with different substituents on the fulvalene rinqs is 
a way to search for an antiferro (AF) or sunerconducting (SC) sta- 
te at low temperature. The dimethyltrimethylene tetraselenafulva- 
lene (DMtTSeF) which presents two methyl prouns on one side and a 

planar cycle on the other side is a favourable unsymmetrically al- 
kylated precursor molecule ( 1 ) .  Its salts can give a molecular 
stackinp with both cages for the anions and enhanced crystal pac- 
king with stronger electronic transverse interactions. 

This point is sunported by the structural evidences which 
show that in TMTTF/TMTSeF salts the organic molecules are not any- 
more centro-symmetric because of the low symmetry of the surroun- 
dinRs (2). Besides, the knowledqe qained on C.T.C. ( 3 )  as well as 
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210 P. DELHAES et PI. 

on the sulfur analog salts ( 4 )  have demonstrated that a regular 

stacking of unsymmetrical molecules occurs without any signifiant 
disorder. 

Chemical preparation : 
A s  already described ( 1 )  the selone coupling gives rise to a mix- 

ture of the three expected molecules. The residue is recrystallized 
from cyclohexane which is further purified by chromatography on a 
Kieselgel Column : then the DVtTSeF molecule is almost comnletely 
separated. In a first synthesis a very small amount of MTSeF (up 
to 1 X) has been detected. Then a second Drenaration has been done 
in which about 2 % of unknown impurities have been detected. By gas 

chromatography on a capillary column coupled with mass snectrometry 
we have found that the main imnurity is the analop of the DMtTSeF 
molecule where one Se has been changed by a S atom on the dimethyl 
selone. 
Several radical cation salts have been prepared by the classical 
technics of electro-cristallization. Small and black single crys- 

tals are grown as presented in table 1 .  

Excepted for the nitrate salt the other salts of stoicheiometry 
2-1 are highly conductive at room temperature. 

Salts QU 9-l cm-’ a t  295K 

I s t  batch : 

1000 - 1300 

( DMtTSeP) 1200 - 1500 

500 - 600 

- 

2nd batch : 

( OMtTSeF) - 300 - 700 

300 - 500 

in8 ulator 

Table I ROOM TEMPERATURE CONDUCTIVITY MEASURED 
ALONG THE NEEDLE AXIS 
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27 I THE TETRASELENAFULVALENE BACKBONE DMtTSeF,-X 

X-ray s t r u c t u r e  : 

The c r y s t a l  s t r u c t u r e s  have been c a r r i e d  o u t  a t  room temperature  on 

t w o  s a l t s  ; p e r c h l o r a t e  and hexaf luoroarsena te .  It apnears  t h a t  

t h e s e  s a l t s  are isomorphous wi th  t h e  TMTSeF sa l t s  : they  c r i s t a l l i -  

ze i n  a t r i c l i n i c  system, space  group P 1 ,  w i t h  v e r y  similar u n i t  

c e l l  parameters  (5) (6).  One p r o j e c t i o n  of  t h e  DMtTSeF2 - C 1 0 ,  

c r y s t a l  s t r u c t u r e  is presented  i n  f i g u r e  1. 

- 

Figure  1 : Room temperature  c r y s t a l  s t r u c t u r e  of DMkTSeF,- C10,: 
p r o j e c t i o n , i n  t h e  p lane , (b ,c ) . iUni t  c g l l  parameters  : 
a = 7,340 A, b = 7,696 A, c = 13,414 A,a = 99°,49,  
6 - 87O.63, y = 110’89 and V = 698.17 A’) 

Severa l  f e a t u r e s  a r e  noteworthy : - a n  ordered a r r a y  of t h e  

organic  molecules which form centrosymmetr ic  dimers  w i t h  t h e  

zig-zag s t a c k i n g  mode and cages  f o r  t h e  counter- ion - Two equiva- 

l e n t  s i t e s  f o r  t h e  C l O r  an ion  wi th  a d i s t a n c e  between t h e  C1 posi-  
- 

t i o n s  of 0.44  A along t h e  b a x i s  ; t h i s  dynamical d i s o r d e r  should 

g i v e  r i s e  t o  some o r d e r i n g  Frocess  a t  a lower temperature .  

The main c h a r a c t e r i s t i c  d i s t a n c e s  a r e  r e p o r t e d  on  t a b l e  2 to- 

ge ther  w i t h  those  of t h e  similar TMTSeF sa l t s .  Two e s s e n t i a l  d i f f e -  

rences  are de tec ted ,on  one hand t h e  (Se ... Se) s h o r t e s t  i n t e r s t a c k  
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272 P. DELHAES u al. 

In t ra r teck  charec te r ia t ics  

ahorteat  
dl  , dz (Ss...Se) i n t r a  

tlWSeP)z- t::: 3.63 3.64 3.73 

(5) (6) 3.62 3.65 3.71 

C106 3.66 3.68 3.90 

AsPs 3.66 3.67 3.91 
(DMBSeF) 

Iakr ntack coupling 

shor tss t 
(“a ‘*se)inar 

3.78 

3.91 

3.10 

3.72 

h i O W C A t 1 0 U  
i n t e r a c t  ion 

(Se...O or F) 

3.27 

3.18 

Table 2 ROOn TEXPEUTLTPB CIWILcTeRISTIC DIBUNCIS : A CCUPARISON 
BETUEEN TMTS.P AND DMtTSsF SALTS 

d i s tances  and on the  o ther  the  anion-cation d is tances ,  which a r e  

smaller than i n  the TMSeF s a l t s .  5 1 :  .. ...... : I . : : :  ......& :;*-*‘l‘ ... 
. .. ... . . . . . .a’ ’  -.. 

I t P iQ d l  I* 10 

Physical p roner t ies  : 

The d.c e l e c t r i c a l  re- 

s i s t i v i t y  temnerature 

dependences have been 

done on every s a l t .  Be- 

cause of t he  b r i t t l e n e s s  

of these c r y s t a l s  i n  se- 

ve ra l  case we have not 

be ab le  t o  accomplish a 

cornnlete run. As nresen- 

ted on f igu re  2 we re- 

cognize two regimes : 

- A t  high ternnerature 

(T > 200 K) a me ta l l i c  

behavior with p CY T-’ 
a s  i n  TMTSeF sal ts  

Figure 2 : Los-Log p l o t  of the d.c e l e c t r i c e l  r e O i # t i V i -  
t y  versus temperature meanured along the needle e x i s  f o r  
the given DMtTSd Salt8.In i n s e r t  the very larT behs- 
vior is given for  the s a l t s  issued f r a  the  f i r s t  betch 

(7) ; below 200 K a 

repime chatlee occurs 
(see tab le  I ) .  characterized by the  

f1attenin.R of the  ex- 
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THE TETRASELENAFULVALENE BACKBONE DMtTSeF,-X 213 

perimental curves.  

- A t  low temperature ( 0 , l  K < T < 40 K)  the  r e s i s t i v i t y  s a t u r a t e s  

f o r  a l l . t h e  compounds and becomes almost cons tan t  below 4 K w i t h  

some change from one c r y s t a l  t o  one another belonainq to  the  sa- 

me batch (see i n s e r t  of fip,ure 2 ) .  

The thermoelectric power has been measured f o r  t h e  AsFs sal t  

( f igu re  3).  The observed temperature dependence confirms the  metal- 

l i c  regime with a small p o s i t i v e  va lue  f a l l i n g  l i n e a r l y  wi th  tem- 

pera ture  down t o  60 K. Below t h i s  temperature the  T.E.P. curve 

f l a t t e n s  ou t  a t  the  opnosife of t he  TMTSeF2 - AsFs s a l t  on which 

a phase t r a n s i t i o n  i s  de tec ted  around 15 K (7). 

/- .* ’ i <. cL. I 

Figure 3 : Thermopower versus  temperature f o r  
DMtTSeF2- AsFs sal t  ; t h e  do t t ed  l i n e  
shows the  similar T. dependence a l r ea -  
dy obtained on the  corresponding TMTSeF 
s a l t .  
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214 P. DELHAES n al. 

Assuming a 1-d t i g h t  bindinp: model f o r  f r e e  e l e c t r o n  ?as and 

n e g l e c t i n g  t h e  weak d i m e i s a t i o n  of t h e  organic  s t a c k  i t  i s  easy 

t o  estimate t h e  l o n g i t u d i n a l  overlaD i n t e g r a l  t,, 0.30 ey. This  

va lue  corresponds t o  a n  estimate bandwidth of about 1.2 ev as i n  

TMTSeF salts .  

The E.S.R. experiments have been done a t  low T only wi th  a 

s tandard X-band spectrometer .  Indeed on s i n g l e  c r y s t a l s  no s i g n a l  

i s  de tec ted  a t  room temperature  but  on ly  below 50 K. For two d i f -  

f e r e n t  salts  t h e  l inewidth  and g- fac tor  p r i n c i p a l  components are 

presented  i n  f i g u r e  4 .  Concerning t h e  u e r c h l o r a t e  salts  we  have 

a l s o  p l o t t e d  our  Drevious r e s u l t s  on l inewidth  obtained f o r  

TMTSeF2 - Clot, s i n g l e  c r y s t a l s  (8) .  AlthouRh t h e  q- fac tor  v a l u e s  

are very  similar we  observe a l a r g e r  l i n e w i d t h  f o r  t h i s  new com- 

pound. A similar conclus ion  i s  reached with t h e  Derrhenate  s a l t  

even i f  i n  both c a s e s  a low temaerature  p l a t e a u  i s  observed. We 

can a f f o r d  t h e r e f o r e  t h a t  t h i s  l inewidth  i n c r e a s e  a t  low tempera- 

t u r e  should be due t o  t h e  presence of a more 2d e l e c t r o n i c  system 

compared t o  t h e  TMTSeF series. This  r e s u l t  a-rees w i t h  t h e  X-ray 

F igures  4 : E.S.R. Linewidth and g- fac tor  temperature  
dependences for t h e  p e r c h l o r a t e  and per- 
rhena te  salts. 
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THE TETRASELENAFULVALENE BACKBONE DMtTSeF2-X 215 

determinat iolawhich e x h i b i t  enhanced i n t e r s t a c k  i n t e r a c t i o n s  (see 

t a b l e  2) .  

Concluding remarks : 

We have shown t h a t  organic  metals can be prepared from unsymmetri- 

c a l  p recursor  molecules. They form r e g u l a r  s t a c k s  of centrosymme- 

t r i c  dimers i n  r a t h e r  s t r o n g  i n t e r a c t i o n  w i t h  t h e  involved an ions .  

Nevertheless  it t u r n s  o u t  t h a t  we observe some impur i ty  e f f e c t  

a t  low temperature  on t r a n s p o r t  p r o p e r t i e s  (d .c  e l e c t r i c a l  resis- 

t i v i t y  and T.E.P.) as w e l l  as on ESR l inewidth .  A c o n s t a n t  term i s  

always present  i n  t h e  helium temperature  range which appears  t o  

preclude any i n t r i n s i c  behavior .  

i )  

ii) 

t i v e  

Some b a s i c  ques t ions  are n o t  solved y e t  : 

About t h e  r o l e  of t h e  anions ; we d o n ' t  d e t e c t  any experimen- 

t a l  evidence of an o r d e r i n g  phase t r a n s i t i o n  f o r  non-centro- 

symmetric anions (C104 , Re0;). 

No s i g n  of e i t h e r  an a n t i f e r r o m a g n e t i c  o r  a superconduct ing 

phase t r a n s i t i o n  a t  low temperature .  These ground states are 

not  observed because of t h e  presence of i m p u r i t i e s  (?. 1-2 % 

a c t i n g  as  a doping agent ) .  

However, i f  i t  i s  w e l l  known t h a t  t h e  SC phase i s  v e r y s e n s i -  

t o  any p e r t u r b a t i o n  o r  d e f e c t , t h e  s i t u a t i o n  is  n o t  so d r a s t i c  

f o r  t h e  AF s ta te .  This  i s  evidenced by t h e  i n v e s t i g a t i o n s  on 

TMTSeF2 - PFg doped w i t h  tetramethyldithiadiselenafulvalene (9) 

and on TMTSeF2 - C l O 4  a l l o y e d  w i t h  TMTTF (10). 

We can conclude t h e r e f o r e  t h a t  t h e  n a t u r e  of t h e  ground s ta te  

i n  t h i s  new series of r a d i c a l  c a t i o n  salts  has  t o  be e l u c i d a t e d  y e t .  
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ges of t h i s  research .  D.CHASSEAU i s  indebted  t o  t h e  Royal Socie ty  d 

London f o r  the  award of a European Science Exchange Fel lowship and 
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