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Abstract Dimethy l t r ime thy lene te t r a se l ena fu lva lene  
(DMtTSP) of  high purity was obtained by use of GPC, and 
the electrical and optical properties of its charge- 
transfer salts were studied. The crystal structures 
of (DMtTSF)2X (X=BF4, Re04) were also investigated. 

INTRODUCTION 

Recently, Fabre et al. have investigated the charge-transfer 

salts of asymmetrical donors, and reported that the 
salts of d i m e t h y l t r i m e t h y l e n e t e t r a s e l e n a f u l v a l e n e  (DI.ltTSF’)2X 

remained to be metallic down to 0.1 K,2) but the purifica- 
tion of DYtTSF was rather hard so that their synthesized 
salts may contain a small amount of TElTSF etc. as impurities. 

In the present study, we succeeded to obtain DYtTSF of 
high purity, and measured the electrical and optical proper- 

ties of its charge-transfer salts. The crystal structures 

of (DMtTSF)2X (X=SF4. 9e0 ) were also investigated. 4 
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346 K.  KIKUCHI er al. 

Syntheses  

The s y n t h e s i s  of DMtTSF w a s  c a r r i e d  o u t  by  t h e  method re-  

po r t ed  by Pabre  e t  a l . 2 )  The s e l e n e  coup l ing  y i e l d e d  a mix- 

t u r e  of TMTSF, DMtTSF, and HMTSF. A r e p e t i t i o n  of t h e  

r e c r y s t a l l i z a t i o n  of t h e  p r o d u c t s ,  gave a m i x t u r e  main ly  

composed of DMtTSF, which was f u r t h e r  p u r i f i e d  by r e c y c l i n g  

high-speed p r e p a r a t i v e  l i q u i d  chromatograph by u s e  of t h e  

GPC column J A I G E L  l H ,  2H. The peaks  due t o  DMtTSF and 

TYTSP were w e l l  s e p a r a t e d  a f t e r  10  c y c l e s  i n  GPC, so  t h a t  

we were a b l e  t o  c o l l e c t  a h i g h  p u r i t y  sample of  DMtTSF. 

The sample (mp. 

no s i g n a l  due t o  TMTSF be ing  d e t e c t e d .  

(6H, s ) ,  2.34 (m), and 2.52 (m)) .  

220°C ) was checked by  an  a n a l y t i c a l  HPLC, 

(H-NMR(CDCl3) 2.00 

The c h a r g e - t r a n s f e r  s a l t s  (DMtTSF)2X (X=PF6, AsF6, 

SbF6, BF4, C 1 0 4  and Re0 ) 

chemical  method u s i n g  a c o n s t a n t  c u r r e n t  (1-2 uA) by u s e  of 

1 , 1 , 2 - t r i c h l o r o e t h a n e  as t h e  s o l v e n t .  The b l a c k  high-  

conduct ive  form of DMtTSF-TCNQ was p repa red  e l e c t r o c h e m i c a l -  

l y  from t h e  s o l u t i o n  c o n t a i n i n g  DMtTSF and NMQ-TCNQ w h i l e  

t h e  r ed  low-conductive form of DMtTSF-TCNQ was p repa red  by 

s lowly  c o o l i n g  a h o t  d ich loromethane  s o l u t i o n  c o n t a i n i n g  

DMtTSF and TCNQ. The s t o i c h i o m e t r i e s  of t h e s e  s a l t s  were 

confirmed by XPS. 

were p repa red  by t h e  e l e c t r o -  4 

E l e c t r i c a l  P r o p e r t i e s  

E l e c t r i c a l  c o n d u c t i v i t y  was measured by s t a n d a r d  four -probe ,  

low-frequency AC t echn ique ,  w i th  c o n t a c t s  a p p l i e d  by s i l v e r  

p a i n t .  

g iven  i n  Table  1. 

t i v i t y  v a l u e s  were found t o  be  a lmos t  t h e  same o r d e r  a s  

The v a l u e s  of room-temperature  c o n d u c t i v i t y  a r e  

I n  t h e  cases of  (DMtTSF)2X, t h e  conduc- D
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347 SYNTHESES, STRUCTURES, PROPERTIES OF DMtTSF SALTS 

t h o s e  of (1MTSF)2X s a l t s .  

have two r e g i o n s  judg ing  from t h e  t empera tu re  dependence of  

e l e c t r i c a l  c o n d u c t i v i t y .  Above 180 K ,  t h e s e  s a l t s  show 

metallic b e h a v i o r s  w i t h  0 a T-" (a i s  s l i g h t l y  less t h a n  2 ) .  

Below 180 K ,  t h e  tempera-. Table  1. Room Temperature  con- 

A s  shown i n  F i g .  1, t h e s e  s a l t s  

t u r e  dependence of con- 

d u c t i v i t y  shows a curve  

wi th  a much g e n t l e  s l o p e .  

A sudden jump of conduc- 

t i v i t y ,  which may be due 

t o  t h e  fo rma t ion  of a 

c r a c k ,  occured i n  t h i s  

r eg ion .  Th i s  k ind  of 

behavior  w a s  a l s o  re- 

po r t ed  by P .  Delhaes  on 

(DMtTSF)2X (X=C104, A s F 6 ,  
e t c . ) .  3 )  

Figure  2 shows t h e  

O . 1 '  

100 200 300 T(K) 

Fig .1 .  The r e s i s t i v i t i e s  
of  (DMtTSF) 2X 

du c t i v  i t i e  t 

(DMtTSF)2X 

x=cloL 

BF4 

4 Re0 

PF6 
AsF6 

SbF6 

)Y tTSF-TCNQ 

( b l a c k )  

(red)  

3f DMtTSF s a l t s  

0 I 9-lcm-l 

7 7 0 ,  900 

6 7 0 ,  990 

1 3 0 ,  380 

480 

7 7 0  

370 

650 

< 

1 5 t  

0 100 200 300 
T I K  

Fig .2 .  The c o n d u c t i v i t y  
of DM t TSF-TCNQ D
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348 K. KIKUCHI el al. 

50- 

ELO- 
\ 

i P 
30- 

t empera ture  dependence of the c o n d u c t i v i t y  of the b l a c k  

form of  DMtTSF-TCNQ. Th i s  s a l t  e x h i b i t s  a m e t a l - i n s u l a t o r  

t r a n s i t i o n  around 130 K w i t h  a v e r y  broad  t empera tu re  

r e g i o n  of t r a n s i t i o n .  Th i s  behav io r  i s  s i m i l a r  t o  t h e  one 

observed i n  DEDMTSF-TCNQ.4) 

an  a s s y m e t r i c a l  molecure s t r u c t u r e ,  which may g i v e  a d i s o r -  

d e r  i n  r e s p e c t  t o  t h e  o r i e n t a t i o n  of donor  molecule  i n  t h e  

c r y s t a l .  P o s s i b l y ,  t h e  c o n d u c t i v i t y  b e h a v i o r s  found i n  

t h e s e  s a l t s  a r e  r e l a t e d  i n  snme r e s p e c t  w i t h  t h e  p r e s e n c e  

of t h i s  kind of d i s o r d e r .  

I n  b o t h  t h e s e  sa l t s ,  donors  have  

O p t i c a l  P r o p e r t i e s  

The p o l a r i z e d  r e f l e c t a n c e  s p e c t r a  i n  t h e  r e g i o n  of 5000- 

25000 cm-l were measured on t h e  s i n g l e  c r y s t a l s  of DMtTSF 

s a l t s  a t  room tempera tu re  by  means of t h e  microspec t ropho-  

t o m e t r i c  m e t h ~ d . ~ )  As shown i n  F i g s .  3 and 4,  e v e r y  s a l t  

shows metal l ic  h igh  r e f l e c t a n c e  i n  t h e  i n f r a r e d  r e g i o n  w i t h  

a Drude-l ike plasma &dge n e a r  7 x 103cm-l when t h e  l i g h t  i s  
601 I 

...... .. 
/ / c  

_,,..,.._....,XI. .... I...... 

..... 

5 10 15 20 25 
Numb.r/tdcm-l 

Fig .3  The r e f l e c t a n c e  
s p e c t r a  of (DMtTSF)2Re04 

10 1s 20 1 
WOW m r  /~03cm-1 

Fig .4  The r e f l e c t a c e  
s p e c t r a  of  DMtTSF-TCNQ 
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SYNTHESES, STRUCTURES, PROPERTIES OF DMtTSF SALTS 349 

p o l a r i z e d  p a r a l l e l  t o  t h e  growing c r y s t a l  a x i s ,  which i s  

l i k e l y  t o  cor respond t o  t h e  d i r e c t i o n  of DMtTSF s t a c k  

( t h i s  a x i s  w a s  conf i rmed t o  b e  b a x i s  i n  t h e  case of 

(DEltTSF)2Re04 by X-ray), whereas  no such  m e t a l - l i k e  d i s p e r -  

s i o n  c a n  b e  found when t h e  l i g h t  is  p o l a r i z e d  p e r p e n d i c u l a r  

t o  i t .  From t h e  / / b  r e f l e c t a n c e  spec t rum of (D?ftTSF) Re9 
2 4' 

we o b t a i n e d  by Drude model t h a t  t h e  f r e q u e n c y  i n d e p e n d e n t  

d i e l e c t r i c  c o n s t a n t  E~ i s  2 .36 ,  t h e  plasma f r e q u e n c y  w i s  
'-15 1 . 2 0  eV, t h e  e l e c t r o n i c  r e l a x a t i o n  t i m e  T i s  3 . 3 1  X 10 s. 

The band w i d t h ,  4 t .  i n  (DMtTS9)2Re04 i s  concluded  t o  b e  

0.93 e V ,  which i s  a l m o s t  t h e  same w i t h  t h a t  of (TMTSF)2C104. 

6,  The 1 b spec t rum shows a d i s p e r s i o n  a t  1 3 . 6  X 1 0  c m  . 
T h i s  must b e  due t o  t h e  i n t r a m o l e c u l a r  e x c i t a t i o n  of 

DMtTSF'. 

spec t rum of DMtTSF-TCNQ f o r  t h e  l i g h t  p o l a r i z a t i o n  perpen-  

d i c u l a r  t o  t h e  growing a x i s  i s  a t t r i b u t a b l e  t o  t h e  i n t r a -  

m o l e c u l a r  e x c i t a t i o n  of TCNQ-. 

3 -1 

A d i s p e r s i o n  a t  1 0 . 8  x l o 3  c m - l  o b s e r v e d  i n  t h e  

C r y s t a l  S t r u c t u r e s  

The c r y s t a l  s t r u c t u r e s  of (DMtTSF) X (X=BF4, SeO4) were 

i n v e s t i g a t e d  a t  room t e m p e r a t u r e .  The c r y s t a l  d a t a  are as 

f o l l o w s :  

2 

(DMtTSF)2BF4; M =1008.82,  t r i c l i n i c ,  Pi, a=8.497 (21 ,  

b=13.352 (21,  c=7.293 ( 2 ) ,  A ,  a=92.12  ( 2 ) ,  B=122.60 ( 2 ) ,  

y=96.11 (1) ' .  V=688.7A , Z=1, (R=0.045, R =0.046 f o r  2158 

observed  r e f l e c t i o n s . )  

(DMtTSF)2Re048); M =1170.32, m o n o c l i n i c ,  

C2/c, a=28.518 ( 2 ) ,  b=7.327 ( l ) ,  c=14.364 (1)A, @=109.84 

(l)', V=2823A , Z = 4 ,  (R=0.056, R =0.067 f o r  2279 o b s e r v e d  

r e f l e c t i o n s . )  

Y 0 

3 
w 

Y 0 

O3 
w D
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350 K. KIKUCHI et al. 

F i g .  5 The v iew of t h e  c r y s t a l  s t r u c t u r e  of 
(DMtTSF)zBF& a l o n g  t h e  c axis .  The s h o r t  
i n t e r s t a c k  d i s t a n c e s  (Se-Se and Se-0);  d l =  
3 . 7 6 0 ( 1 ) ,  d2= 3 . 7 4 0 ( 1 ) ,  d3= 3 . 6 6 4 ( 1 ) ,  d4= 
3.19 ( 2 ) i .  

F i g .  6 The view of t h e  c r y s t a l  s t r u c t u r e  of 
(DMtTSFXzRe04 a l o n g  t h e  c axis .  
m o l e c u l e s  are  drawn by open circles.  

The f r o n t  
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SYNTHESES, STRUCTURES. PROPERTIES OF DMtTSF SALTS 35 1 

Distances intrastack interstack 
A) spacing Se-Se* Se-Se* 

distance 
(RITSF)2-Re04 3.64, 3.64 3.87 3.83 

-C104 3.63. 3.64 3.87 3.78 
-BF4 3.61. 3.64 3.86 3.74 

(DMtTSF)2-Re04 3.66 3.90 3.66 
-C104 3.66, 3.68 3.90 3.70 

-BF4 3.63, 3.66 3.88 3.66 

anion-catiod * 
Se-0 or F 

3.16 ref 7b 
3.34 ref 7b 
-- ref 7a 
2.98 this work 
3.18 ref 3 
3.19 this work D
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352 K. KKUCHI et al. 

some common f e a t u r e s  of  t h e  c r y s t a l  s t r u c t u r e s  of 

(DMtTSF) X s a l t s  when compared w i t h  t h o s e  of  t h e  c o r r e -  

sponding  TMTSF s a l t s ,  which are  as f o l l o w s .  
2 

(1) The i n t r a s t a c k  Se-Se c o n t a c t s  are  a l m o s t  e q u a l  t o  

t h o s e  o f  t h e  c o r r e s p o n d i n g  TMTSF s a l t s .  

(2)  "he i n t e r s t a c k  Se-Se c o n t a c t s  a re  c o n s i d e r a b l y  

s h o r t e r  i n  t h e  DYtTSF sal ts  than i n  t h e  c o r r e s p o n d i n g  

TMTSF s a l t s .  

(3)  The Se-anion c o n t a c t s  a re  s h o r t e r  i n  t h e  DMtTSF 

s a l t s  t h a n  i n  t h e  c o r r e s p o n d i n g  TMTSF sal ts .  

The f e a t u r e  (2)  s u g g e s t s  t h a t  (DMtTSF)*X sal ts  h a v e  a 

s t r o n g e r  two-dimensional  c h a r a c t e r  t h a n  (RITSF)2X. As w e  

ment ioned ,  Re0 a n i o n s  are  o r d e r e d  a t  room t e m p e r a t u r e  i n  

(DMtTSF)*YeO 

s h o r t  and n e a r l y  t h e  same as  t h a t  i n  (TMTSF) Ye0 a t  

120 K ,  9 ,  where  t h e  Ye0 

4 0 

and Se-0 d i s t a n c e  is 2.98 A ,  which is  v e r y  4 

2- 4 
a n i o n s  are o r d e r e d .  4 

The a u t h o r s  would l i k e  t o  e x p r e s s  t he i r  t h a n k s  t o  

Ms. M. Honda and D r .  C .  Katayama f o r  t he i r  h e l p  i n  t h e  

i n v e s t i g a t i o n  of  t h e  c r y s t a l  s t r u c t u r e s  and t o  D r .  K.  Oshima 

f o r  h i s  h e l p  a t  t h e  measurment of  t h e  e l e c t r i c a l  c o n d u c t i v -  

i t y .  T h i s  s t u d y  was s u p p o r t e d  by t h e  Grant-in-Aid f o r  t h e  

S p e c i a l  P r o j e c t  Research  on "The P r o p e r t i e s  of Y o l e c u l a r  

Assembles" (No. 59112002) f rom t h e  M i n i s t r y  of E d u c a t i o n ,  

S c i e n c e  and C u l t u r e .  

REFERENCES 

1. J .  M .  F a b r e ,  E .  T o r r e i l l e s ,  J . P . G i b e r t ,  M .  Chana and  
L. Giral ,  T e t . L e t t . ,  46, 4033 (1977) ;  J .  M .  F a b r e ,  
L. G i r a l ,  E .  D u p a r t ,  C .  Coulon and P .  D e l h a e s ,  J. Chem 
SOC. ,  Chem. Commun., 1983, 426.  

Manceau and P .  D e l h a e s ,  J. Chem. S O C . ,  Chem. Commun., 
2 .  J .  Y .  P a b r e ,  L. G i r a l ,  E .  D u p a r t ,  C.  Coulon,  J. P.  

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
08

 2
0 

Fe
br

ua
ry

 2
01

3 



SYNTHESES, STRUCTURES. PROPERTIES OF DMrTSF SALTS 353 

1983,  1477.  
3 .  P .  Delhaes ,  E .  D u p a r t ,  J .  P .  Manceau, C .  Coulon and  

D .  Chasseau,  ICSM-84, A b s t r a c t  (1984) p .  42. 
4 .  C .  S .  J a c o b s e n ,  K .  ? l o r t e n s e n ,  J. R .  Andersen and k .  

Bechgaard,  Phys.  Rev. G, 905 (1978) .  
5 .  Y .  I y e c h i k a ,  K .  Yakushi  and H .  Kuroda, S u l l .  Chem. SOC.  

J p n . ,  53, 603 (1980) .  
6 .  K. Kikuchi ,  I. Lkenoto,  K .  Yakushi ,  H. Kuroda and K. 

Kobayashi ,  S o l i d  S t a t e  C o m u n . ,  42, 433 (1982) .  
7 .  a )  H .  Kobayashi ,  A .  Kobayashi ,  G .  S a i t o  and  H. I n o k u c h i ,  

Chem. L e t t . ,  1982, 2 4 5 .  b )  G .  R i n d o r f ,  9. S o l i n g ,  and 
N .  Thorup, Acta C r y s t . ,  S e c t .  B ,  38 ,  2805 (1982) .  

8 .  K .  Kikuchi ,  K .  Yakushi ,  H.  KurodaTK. Kobayashi ,  14.  
Honda, C.  Katayama and J .  Tanaka,  Chem. L e t t . ,  1984, 
1885. 

9 .  G .  R i n d o r f ,  H .  S o l i n g  and N .  Thorup,  Acta  C r y s t a l l o g r .  
- C40, 1137 (1984) .  

- 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
08

 2
0 

Fe
br

ua
ry

 2
01

3 


