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C H A R G E  TRANSFER COMPLEXES OF3,3 ' ,5 ,5 ' -TETRA- 
PHENYL-2,2'-DITHIODIPYRANYLIDINE(2~2'DIPS@ ) 
W I T H  7 , 7 ' , 8 , 8 '-TETRACYANOQUINODIMETHANE ( T C i Q )  
A N D  I O D I N E  

Z H U  D A O B E N  ( C H U  TAO-PEN) , WAN M E I X I A N G ,  L I  
M I N G Z H U ,  G U O  D I A N  and Q I A N  R E N Y U A N  
I n s t i t u t e  of C h e m i s t r y  
Academia s i n i c a ,  C h i n a  

Received f o r  publication August 17, 1981 

New c h a r g e  t r a n s f e r  c o m p l e x e s  of  2 , 2 ' D I P S @ 4  
w i t h  T C N Q  and i o d i n e  have h i g h  c o n d u c t i v i t y  
a t  room t e m p e r a t u r e .  VSC m e s u r e m e n t s  showed 
a b r o a d  maximum c e n t e r e d  a t  223K and a l a r g e  
n a r r o w  maximum c e n t e r e d  a t  2733  f o r  1:1, 1 : 2  
T C N Q  c o m p l e x e s  r e s p e c t i v e l y .  

S i n c e  t h e  d i s c o v e r y  of  c h a r g e  t r a n s f e r  com- 
p l e x  of  tetrathiafulvalene(TTF)-7,7',8,8'-tetra- 
cyanoquinodimethane(TCNQ) t o  d i s p l a y  u n u s u a l  
m e t a l - l i k e  p r o p e r t i e s ,  t h e r e  h a s  b e e n  numerous 
a t t e m p t s  t o  f i n d  new o r g a n i c  m e t a l s .  We h a v e  r e -  
c e n t l y  p r e p a r e d  new o r g a n i c  c h a r g e  t r a n s f e r  com- 
p l e x e s  of  2 , 2 ' D I P S g 4  w i t h  T C N Q  and  i o d i n e  and  
s t u d i e d  t h e i r  p h y s i c a l  p r o p e r t i e s .  

2,201 PSQ? 
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58/[ 17981 Z. DAOBEN cr 01. 

SYNTHESIS A N D  CHARACTERIZATION 

T h e  s o l u t i o n  of a c e t o p h e n o n e  a n d  m o r p h o l i n e  i n  t o -  
l u e n e  w a s  r e f l u x e d  t o  g i v e  c o l o r l e s s  l i q u i d  m o r p h o -  
l i n e - 1 - p h e n y l e t h y l e n e ,  t h e n  r e a c t e d  w i t h  c a r b o n  
d i s u l p h i d e  t o  y i e l d  t h i o p y r a n t h i o n e , M S :  m / e  2 8 0 ( 7 8 ,  

1 3 2 0 , 1 2 3 0 , 1 2 1 0 , 1 0 5 0 , 9 9 0 , 7 6 0 , 6 9 5  c m -  . 2 , 2 ' D I P S @  
was o b t a i n e d  b y  h e a t i n g  3 , 5 - d i p h e n y l - t h i o p y r a n - j -  
t h i o n ?  w i t h  c o p p e r  p o w d e r  i n  x y l o l ,  M S :  m / e  4 9 6 (  
9 6 ,  M ) , 3 7 5 ( 1 4 )  , 2 4 8 ( 1 4 )  ; I R  ( K B r )  : 1 5 9 5 , 1 4 9 0 ,  
1 4 4 ? ,  - 1 3 6 5 ,  1 2 6 0 ,  1 1 8 0 ,  1 0 7 0 ,  1 0 3 0 ,  8 4 0 , 7 5 0 , 6 9 0  
c m  ; U V ( C H  C N ) :  2 6 8 n m ( 4 . 6 5 2 )  , 3 0 4 n m ( 4 . 5 4 0 )  , 360nm 
( 3 . 8 8 0 )  , 52dnm( 3 . 5 9 0 )  . I t  a b s o r b s  more s t r o n g l y  
t h a n  TTF a t  a l l  w a v e l e n g t h  b e t w e e n  2 5 0 - 7 0 0 n m r  sug- 
g e s t i n g  t h a t  t h i s  d o n o r  i s  more p o l a r i z a b l e  t h a n  
TTF. E l e c t r o c h e m i c a l  a n a l y s i s  s h o w e d  t h a t  i t  h a s  

0 . 3 9 ~ ~  A E = o . ~ ~ v .  T h e  d a t a  a r e  coLpared w i t h  6L;se 
of TTF,TTF#4,  4 , 4 ' D 1 P S g 4  a n d  4 , 4 ' D I P J d 4  i n  TABLE 1. 

t a i n e d  b o t h  b y  e l e c t r o c r y s t a l l i z a ? i o f i  p r o c e d u r e  
( 2 , 2 I D I P S g 4  i n  C H 2 C l  
c o n s t a n t  c u r r e n t  w i t 2  P t  e l e c t r o d e s )  
i n g  m e t h o d  ( 2 , 2 ' D I P S g 4  i n  h o t  CH C 1  mixed  w i t h  I 
i n  h o t  C H  C 1 2 ) .  U V ( C H  C N ) :  2 4 8 ( 4 . 4 4 3 )  r 3 5 6 ( 3 . 7 2 3 )  , 
5 3 2 n m ( 3  - 5 8 5 )  ; I R  ( K B r j :  ~ 6 5 0 , 1 5 7 0 , 1 4 7 0 , 1 4 4 0 , 1 3 4 0 ,  
1 1 3 5 , 9 5 9 , 8 3 0 , 7 5 0 , 6 8 0  c m -  . X - r a y  a n a l y s i s  s h o w e d  
t h a t  i t  i s  t e t r a g o n a l  w i t h  u n i t  c e l l  parameters 

M 1 ,  2 3 6 ( 1 0 0 ) ;  I R  ( K B r ) :  1590~1570,~475,1440r1380r 

v e r y  low h a l f w a v e  p o t e n t i a l s  E l 1  2 = O - 2 3 v ,  El' - - 

S i n g l e  c r y s t a l s  of  2 , 2 ' D I P S @  I2  41 were ob- 

s o l u t i o n  c o n t a i n i n g  Bu N I ,  4 a n d  s l o w  c o o l -  

2 2 

TABLE 1. C o m p a r i s o n  of  h a l f w a v e  p o t e n t i a l s  

4 , 4 ' D I P S g 4  + 0 . 2 2  + 0 . 4 1  0 . 1 9  1 1 1  

4 , 4 ' D I P g 4  + 0 . 1 5  + 0 . 4 7  0 . 3 2  [ 1 1  

TTFg, + 0 . 4 0  + 0 . 7 3  0 . 3 3  [ 2 1  

2 , 2 'DIPS#4 + 0 . 2 3  + 0 . 3 9  0 . 1 6  t h i s  w o r k  

TTF + 0 . 3 2  + 0 . 7 0  0 . 3 8  1 2 1  
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CT COMPLEXES OF 2,2'DIPS84 WITH TCNQ AND 12 [1799]/59 

0 0 

a = b = 1 9 . 6 4  ( 7 )  A ,  c = 3 . 8 0  ( 4 )  A .  T h e  r e s o n a n t  Raman 
s p e c t r u m  of  D; S c o m p l e x  s h o w s  a s t r o n g  
b a n d  a t  113cm 
mode of  I- 
1:1, 1:2 m o l .  r a t i o s  r e s p e c t i v e l y  i n  a c e t o n i t r i l e  
t o  g i v e  1: l  a n d  1 : 2  complexes.  U V ( C H  C N )  f o r  1:l 
c o m p l e x  3 9 2 n m ( 4 . 5 1 3 )  , 8 4 0 n m ( 4 . 3 5 6 ) :  $or 1 : 2  c o m -  
p l e x  3 9 2 n m ( 5 . 0 3 6 ) ,  8 4 0 n m ( 4 . 3 1 0 ) ;  I R  ( K B r )  f o r  1:l 
c o m q l e x  - 2 1 8 0 , 1 5 7 0 , 1 4 7 0 , 1 3 5 0 , 1 1 5 0 , 1 0 0 0 , 8 3 0 , 7 5 0 , 6 9 0  
c m  ; f o r  1 : 2  c o m p l e x  2 1  0 , 1 9 9 0 , 1 5 6 0 , 1 4 6 0 , 1 3 2 0 ,  
1 1 5 0 , 8 3 0 , 7 5 0 , 6 8 0 , 5 0 0  c m  . 

P a 1  4 2 . 4  c h a r a c t e r i s t i c  o f  t h e  s y m m e t r i c  
2 , 2 ' D I P S a 4  was r e a c t e d  w i t h  TCNQ i n  3 '  

- 9  

ELECTRICAL CONDUCTIVITIES 

ld ! 
I , , , , \  

I I 

3 4  5 6 7 

FIGURE 1. T h e  t e m p e r a t u r e  d e p e n d e n c e  of  c o n d u c -  
t i v i t y  o f  2 , 2 ' D I P S @  I 4 2 . 4 1 '  

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

1:
56

 2
1 

Fe
br

ua
ry

 2
01

3 



60/[ 18OO] 2. DAOBEN et at 

S i n g l e  c r y _ s f g l s  o f  2,2;DIPSg4 showed a c o n d u c t i -  
v i t y  o f  1 0  (ohm cm)- a l o n g  t h e  n e e d l e  a x i s .  
However, s i n g l e  c r y s t a l  of 2 , 2 ' D I P S @ 4 1  showed 
h i g h  c o n d u c t i v i t y  1 0  (ohm c m )  a l o n g  gh2 'need le  
a x i s  a t  room t e m p e r a t u r e  u s i n g  d . c .  f o u r - p r o b e  
method o f  c o n d u c t i v i t y  m e a s u r e m e n t .  The t e m p e r a -  
t u r e  d e p e n d e n c e  o f  c o n d u c t i v i t y  (FIGURE 1) f o l -  
lowed t h e  f o l l o w i n g  r e l a t i o n  

-1 

C J ( T ) =  O o  e x p  ( - E / K T )  

w i t h  two d i f f e r e n t  a c t i v a t i o n  e n e r g i e s  of 0 . 0 4 6 e v  
be tween  room t e m p e r a t u r e  a n d  170K and 0 . 0 1 8 e v  a t  
l o w e r  t e m p e r a t u r e s .  

The s p e c i f i c  c o n d u c t i v i t i e s  o f  1:1 and  1 : 2  
TCNQ complexes  measu red  o n  s e c t a n g u l a r  b a r s  of  
powder c o m p a c t i o ~ 1 ( 7 0 0 K g / c m  ) w e r e  0 . 9  (Ohm cm) 
and 0 . 2  (ohm cm) r e s p e c t i v e l y  a t  room t e m p e r a -  
t u r e .  V o l t a g e - s h o r t e d  c o m p a c t i o n  ( V S C )  [ 3 ]  conduc-  
t i v i t y  m e a s u r e m e n t s  o n  1:l TCNQ complex showed a 
b r o a d  maximum a r o u n d  2233, t h e  1 : 2  T C N Q  complex 
showed a s h a r p  maximum a r o u n d  273K (FIGURE 2 ) .  
S i n g l e  c r y s t a l  o f  t h e s e  c o m p l e x e s  a r e  c l e a r l y  

-1 

ma 

3 

2 

1 

0 I I I 
200 300 

F I G U R E  2 .  T e m p e r a t u r e  d e p e n d e n c e  o f  2 ,2 'DIPS@ - 
TCNQ, 2,2'DIPS#4TCNQ2 v o l t a g e - s h o r t e d  c o n d u c t i v i t y  

4 
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CT COMPLEXES OF 2,2'DIPS04 WITH TCNQ AND IZ [1801]/61 

needed  and  c o n t i n u e d  a t t e m p t s  a r e  i n  p r o g r e s s .  

THE E L E C T R O N I C  S P E C T R A  O F  T C N Q  COMPLEXES 

The e l e c t r o n i c  a b s o r p t i o n  s p e c t r a  o f  T C N Q  c h a r g e  
t r a n s f e r  c o m p l e x e s  o f  h i g h  c o n d u c t i v i t y  show c h a -  
r a c t e r i s t i c  a b s o r p t i o n  p e a k s  A a n d  B be low 1 . 5 e v  
[4 -8 ]  . The a b s o r p t i o n  s p e c t r a  o f  2 , 2  'DIPSa4 a n d  
i t ' s  T C N Q  c o m p l e x e s  w e r e  m e a s u r e d  i n  K B r  p r e s s e d  
d i s k s  ( F I G U R E  3 )  t o  show t h e  a b s o r p t i o n  p e a k  A a t  
0 . 6 4 e v  and 0 . 7 e v  f o r  1:1, 1 : 2  T C N Q  c o m p l e x e s  r e s -  
p e c t i v e l y  and t h e  a b s o r p t i o n  peak  a t  1 . 4 2 e v  f o r  
b o t h  c o m p l e x e s .  T h e s e  a r e  b e l i e v e d  t o  b e  a mixed 
v a l e n c e  t r a n s i t i o n  f o r  h i g h  c o n d u c t i v i t y .  

t o  T C N Q  h a s  a n  i m p o r t a n t  i n f l u e n c e  on b o t h  t h e  
c o n d u c t i v i t y  and o p t i c a l  a b s o r p t i o n  p r o p e r t i e s .  
W e  h a v e  m e a s u r e d  t h e  S I N b i n d i n g  e n e r g i e s  f o r  
s u l f u r  and  n i t r o g e n  i n  !?,2 'b?PS@ , T C N Q ,  L i T C N Q ,  2 , 2 ' 
D I P S a 4 C 1 O  , 2 , 2 'DIPS#4TCNQ, 2 , 2 ' D I # S a 4 T C N Q  2 by X-ray 
p h o t o e l e c t r o n  s p e c t r o s c o p y  ( X P S )  
d e g r e e  o f  c h a r g e  t r a n s f e r  b e t w e e n  2 , 2 ' D I P S # 4  and  

The d e g r e e  o f  c h a r g e  t r a n s f e r ,  p ,  f rom d o n o r  

f rom which  t h e  

1 2 3 4 5 
W 

4 FIGURE 3 .  The e l e c t r o n i c  s p e c t r a  of  2 ,2 'DIPS#  
and i t ' s  T C N Q  c o m p l e x e s .  
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6 2 4  18021 Z. DAOBEN ct al, 

TCNQ to be p=O.4 and 0.9 for 1:l and 1:2 TCNQ com- 
plexes respectively 191. These results confirmed 
the incomplete charge transfer present i n  both 
TCNQ complexes. 
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