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THREE DIMENSIONAL CONDUCTING SOLIDS : (BPTTF) 2BF4 , 
(BPTTF) ( R e 0  ) 2, (BPTTF) C10 [where BPTTF=bls 
( p y r a z i n o )  t e & a t h i a f u l v a l e n 8 ]  AND SIMILAR 
COMPOUNDS. 

A.E.UNDSRHILL , g.KAYE1 ,G.C.PAPAVASSILIOU APJD 
S.V.YIANNOPOULOS 

1 2 

Department of Chemis t ry ,  U n i v e r s i t y  College of 
'North Wales , Sangor, Gwynedd LL57 2U\J ,  England.  

2 T h e o r e t i c a l  and Phlysical  Chemistry I n s t i t u t e ,  
The N a t i o n a l  H e l l e n i c  Research  F o u n d a t i o n ,  
43, Vassileos C o n s t a n t i n o u  A v , ,  Athens  116/35 
Greece . 
The electrical properties of the title compounds were 
studied for a wide range of temperature, They indicate 
that the compounds are anisotropic at room temperature 
and become almost isotropic at low temperatures. 

The o b s e r v a t i o n  of  ambient  p r e s s u r e  supercondu-  

c t i v i t y  i n  t h e  s a l t s  (TMTSF)2C104 and (BEDT-TTFI2I3 

h a s  i n c r e a s e d  i n t e r e s t  i n  t h e  s o l i d  s t a t e  p r o p e r -  

t i e s  of t h e  s imple  s a l t s  o f  o r g a n i c  s u l f u r  o r  sele- 
nium c o n t a i n i n g  d o n o r s  [ I ] - [ 3 ] .  A f e a t u r e  o f  t h e  

ex is t incr  cor..younds i s  t h e  s h o r t  i n t e r s t a c k  S-S 

o r  Se-Se d i s t a n c e s  l e a d i n g  t o  a t w o  dimensi-  
o n a l  network of s u l f u r  o r  se len ium i n t e r a c t i -  
ons.  These i n t e r s t a c k  i n t e r a c t i o n s  a p p e a r  v i t a l  
i n  p r e s e r v i n g  t h e  m e t a l l i c  s t a t e  down t o  low tempe- 

r a t u r e s .  One way t o  increase t h e s e  i n t e r s t a c k  

i n t e r a c t i o n s  i s  t o  ex tend  t h e  m o l e c u l a r  framework 

and i n c l u d e  a d d i t i o n a l  he te roa toms.  R e c e n t l y ,  t h e  

p r e p a r a t i o n  of new types  of o r g a n i c  d o i ~ o r s ,  b i s  
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M) A. E. UNDERHILL d d. 

(pyraz ino)  t e t r a t h i a f u l v a l e n e  (BPTTF) and some of 
i t s  s u b s t i t u t e d  d e r i v a t i v e s ,  h a s  been reported 
[ 4 1 .  With t h i s  TTF-type donor it i s  p o s s i b l e  t o  
e v a l u a t e  t h e  e f f e c t  of t h e  i n c o r p o r a t i o n  of n i t r o -  
gen heteroatoms on t h e  i n t e r s t a c k  i n t e r a c t i o n s .  

I n  t h i s  paper t h e  e l e c t r i c a l  p r o p e r t i e s  of 
(BPTTF) 2BF4 ,  (BPTTF) 
l a r  compounds a re  d e s c r i b e d ,  These compounds were 
prepared [41 by t h e  e l e c t r o c r y s t a l l i z a t i o n  of 
BPTTF (1 .55xl O-3M) and Bu4NX (5x1 0'3~1), X=BF4, R e 0 4 ,  

C 1 0 4  e tc .  i n  C H 2 C 1 2  u s ing  p la t inum e l e c t r o d e  a t  
IpA/cm and 22OC. T h e  c r y s t a l s  were washed wi th  
CH2C12 and d r i e d :  t hey  had a copper - b lack  l u s t r u s  
appearence.  The compounds (BPTTF) B r 3 ,  (BPTTF) I B r 2  

and s i m i l a r  compounds wi th  b is (d imethy1pyraz ino)  
t e t r a t h i a f u l v a l e n e  (BDMPTTF) , b i s  (quinoxal ino)  t e -  
t r a t h i a f u l v a l e n e  (BQTTF) and b i s  (d imethylquinoxal i -  
no)tetrathiafulvalene(BDMQTTF) a s  donors  were pre-  
pared by a s imi la r  method [ 4 ] .  The c r y s t a l s  of  
(BPTTF) 2BF4 were of t h e  shape* i f l u s t r a t e d  i n  Fig.1 . 

( R e 0 4 )  2 ,  (BPTTF)C104 and s i m i -  

2 

*CC'was t h e  grow up d i r e c t i o n ,  namely pe rped icu la r  
t o  t he  s u r f a c e  of t h e  p l a t i x m  e l e c t r o d e .  
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THREE DIMENSIONAL CONDUCTING SOLIDS 61 

The crystal shape of (BPTTF) (Re04) and (BPTTF) 
C104 was close to that of (BPTTF) 2RF4. The cry- 
stals of (BPTTF) Rr3, (BPTTF) IBr2, (PDElPTTF) 13 ,  

(BDMPTTF) IBr2, (BQTTF) B r 3  and (BDMQTTF) Er3 were 
obtained in t h e  f o r m  o f  small  cubes or p l a t e l e t s .  
Electrical conduction measurerents were nade in 
several crystal directions over the temperature 
range 300-100K. Measurements along the --dire- 
ction were carried out with a two probe technique. 
A l l  other Peasurements were carried out with a 
four-probe technique. Fig.2 shows the 
variation of conductivity (a) with tempe- 

310 200 250 220 190 160 130 
TIN l O O O K / T  

Fig.2. Variation of conductivity with temperature and 
inverse temperature f o r  a single crystal of (BPTTF) BF 
in CC'-( 6 b & )  and AB-(xxx) directions. 2 4  
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62 A. E. UNDERHILL a 111. 

r a t u r e  ( T )  and i n v e r s e  tempera ture  ( l / T )  f o r  a 
s i n g l e  c r y s t a l  of (!3PTTF)23F4 i n  CC’-and AB-dire- 
c t i o n s ,  F ig .3  shows t h e  v a r i a t i o n  of u with  T and 
1/T f o r  a s i n g l e  c r y s t a l  of (BPTTF) ( R e 0 4 )  i n  t h e  
CC’-direction, and Fig.4 shows t h e  v a r i a t i o n  of  u 
with  T and 1/T f o r  a s i n g l e  c r y s t a l  of (BPTTF)C104 

i n  t h e  C C ’ - ,  BC-  and A B - d i r e c t i o n s .  The values o f  

c o n d u c t i v i t y  a t  room tempera ture  (aRT) and t h e  
v a l u e s  of a c t i v a t i o n  energy (E) are  g i v e n  i n  Table  
1 .  One can see t h a t  t h e  observed c o n d u c t i v i t y  be- 
haviour  is  ve ry  s i m i l a r  f o r  a l l  t h r e e  compounds, 
which 
i s o t r o p i c  a t  low tempera tures .  The a c t i v a t i o n  ene- 
rgy  and t h e  c o n d u c t i v i t y  i n  t h e  AR-direct ion i s  smal ler  
than i n  the CC’- d i r e c t i o n .  The th ree  dimensional 

t o  be a n i s o t r o p i c  anti become a lmost  

T / K  I U O O K l l  

3 Fig.3. Same as Fig.2 bu t  f o r  a single crystal of (BPTTF) 
(ReO4I2 in CC--direction. 
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THREE DIMENSIONAL CONDUCTING SOLIDS 

CJ (n-1 cm-1 ) RT 

E (mev{;i' 

Contac t  
Ma te r i a l  

63 

(BPTTF) BF 

*I -2x10 
2 2  4 

- 
390 

193/147** 
C o l l o i d a l  
Graph i t e  

-06.1 

-09.c 

42.0 

45.0 

-1 8.0 

Fig.4.  
C104 i n  CC--(xxx) , AC-(ooo)  and AB-(OOO) d i r e c t i o n s .  

Table  1 

Same as Fig.2 but  for a s i n g l e  c r y s t a l  of (BPTTF) 

(BPTTF) 3 ( R e 0 4 )  
"1 .5~1  O W 3  
- 
140 - 

C o l l o i d a l  
I S i l v e r  

:BPTTF) C 1 0 4  

k3 -8x1 0-3 
190 
190 
1 3 0  

C o l l o i d a l  
Graph i t e  

*The h ighes t  values,  corresponding t o  t h e  CC'-direct ion.  

230,  a l s o  230 and 1 5 0  K ,  for which t h e  a c t i v a t i o n  e n e r g i e s  
were 147 and 198 m e V ,  r e s p e c t i v e l y .  

**Arrhenius p l o t  displayed t o  l i n e a r  r eg ions  between 290 and 

conduct ion behaviour  w a s  a t t r i b u t e d  t o  e x t e n s i v e  
i n t e r s t a c k  i n t e r a c t i o n s .  According t o  t h e  c r y s t a l  
s t r u c t u r e  r e s u l t s  [ 5 ] t h e  AB-direction i s  c l o s e  t o  
t h e  s t a c k i n g  d i r e c t i o n ,  which invo lves  p a r t i a l l y  
over lapping  molecules  of BPTTF. I n  t h e  s t a c k i n g  

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

4:
20

 1
9 

Fe
br

ua
ry

 2
01

3 



64 A. E. UNDERHILL ct al. 

direction the S * *  * S  intermolecular distance is 
3.64 8 in (BPTTF) 2BF4 [ 5 3 ,while the corresponding 
van der Waals distance is 3.70 2.The conductivity 
in CC’-direction is due to the interstack inter- 
actions.The S* - O N  interstack intermolecular dis- 
tance is 3.00 8 in (BPTTF12BF4 [5],while the cor- 
responding van der Waals distance‘ is 3.35 2 and 
the S-N bond distance in (SNIx is 2.90 8.The dc- 
conductivity of polycrystalline compressed discs 
of (BPTTF) Br3 I (BPTTF) IBr2 I (BQTTF) Br3 and (BDMQTTF) 
Br3 was found to be 1 0-6-1 0-5 k2”cm-I ,while that 
of (BDMPTTF)13 and (BDMPTTF)IBr2 was found to be 
2-8x1 O m 2  k2-lcm-l .Results of the conductivity mea- 
surements on single crystals of the last two com- 
pounds in crystallographic directions will be 
published in future. 
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