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CRYSTAL STRUCTURES AND ELECTRICAL PROPERTIES OF HEXACYANO- 
BUTADI ENE (HCBD) CHARGE TRANSFER COMPLEXES 

GUN21 SAITO, I n s t .  S o l i d  S t a t e  Phys ics,  Un iv .  o f  Tokyo, Tokyo, 
TOSHlAKl ENOKI, H I R O O  INOKUCHI ,  I n s t .  Mo lecu la r  Science,Okazaki 
H l R O A K l  KUMAGAI, CHUJI KATAYAMA, JlRO TANAKA, Chemist ry  Dep., 
Nagoya Univ., Nagoya, Japan. 

A b s t r a c t  We have prepared charge t r a n s f e r  (CT) s i n g l e  c r y s t a l s  
compr i s ing  TTF d e r i v a t i v e s  and hexacyanobutadiene (HCBD) ,  wh ich  
i s  one o f  t h e  s t r o n g e s t  acceptors .  TMTTF gave t w o  c r y s t a l s  i n  
d i f f e r e n t  s t o i c h i o m e t r y ,  one i s  2:l semiconductor and t h e  o t h e r  
i s  1 : l  i n s u l a t o r .  I n  t h e  2:l complex, TMTTF molecules form 
face - to - face  segregated columns w i t h  d imer i zed  manner and HCBD 
l i e s  pe rpend icu la r  t o  t h e  donor columns t o  form s i d e - b y - s i d e  
segregated columns i n  t h e  c a v i t y  produced by donor columns. The 
ground s t a t e  o f  t h i s  complex i s  a n t i f e r r o m a g n e t i c .  The 1 : l  
complex has face - to - face  u n i f o r m  segregated columns and shows 

t i o n  a t  around 150K. TTMTTF forms a semicon- 
ex w i t h  u n i f o r m  f a c e - t o - f a c e  segregated column. 

some phase 
d u c t i v e  1: 

t r a n s  
comp 

INTRODUCTION 

HCBD i s  a f l a t ,  s t r o n g  acceptor  (EA=3.22eV vs 3.15eV(F4TCNQ)) 

which con ta ins  s i x  €N groups p r o t r u d i n g  on the  p e r i p h e r y  o f  t h e  mo- 

l e c u l e .  The o n - s i t e  Coulomb r e p u l s i o n  o f  HCBD i s  comparable t o  t h a t  

o f  F4TCNQ (Ered=0.6, 0.02V(HCBD), 0.53, 0.02V(F4TCNQ)) . I  Furthermore, 

HCBD i s  known t o  form 2 : l  conduc t i ve  complex w i t h  TTF P = l O - & n )  

and 2: 1 i n s u l a t o r s  w i t h  pyrene and hexamethylbenzene.’ From these  

obse rva t i ons ,  i t  i s  expected t h a t  some HCBD complex NC 
w i t h  increased d i m e n s i o n a l i t y  due t o  t h e  chalcogen- 

n i t r o g e n  atomic con tac t  may be ob ta ined  by employ- 
i n g  TTF d e r i v a t i v e s .  I n  a d d i t i o n  t o  t h i s ,  i t  i s  HCBD 

N C 5 2  

Me5 5 5 SMe 
Me5 5 5 SMe IH3L wor th  t o  o b t a i n  and i n v e s t i g a t e  2 : 1  (D:A) HCBO 

comDlex. because an enhanced m e t a l l i c  c h a r a c t e r  
TTMTTF 
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346 0. SAITO et 01. 

due to partial CT and the possible increased interchain interaction 
might be expected supposing uniform segregated stack, to seek the 
possibll ity of replacing inorganic counter anion X- in the organic 
metal; (D)2X, by organic anion; HCBD-. We obtained single crystals 
of TMTTF-HCBD with different molecular ratio ( l : l ,  2 : l )  with very 

different crystal structures. We also obtained 1 : l  crystal of TTM- 
TTF'HCBD. We report here the structural, electrical, optical, and 
magnetic properties of these single crystals. 

TMTTF'HCBD (211) 
monoclinic-C 

18.27 
9 . 8 2  

9 . 5 0  

1 0 2 . 7 6  

1 6 6 2  

4 

1 . 4 5  

1 . 4 6  

RESULTS 

TABLE I 
TMTTF.HCBD (1:l) 
monocl in ic-C 

12.81 
2 1 . 6 2  

4 . 0 3  

108.01  

1 0 6 1  

2 

1 . 4 5  

1 . 4 6  

I 
a i  

b 
C 

TTMTTF .HCBD ( 1: 1) 
monoclinic-C 

3 0 . 1 6  

2 3 . 4 1  

1 1 7 . 4 5  

2 5 3 5  I 
4 

:::: I 
The crystal lographic data are summarized in Table 1. 
1 .  TMTTF.HCBD(2:l) hexagonal prism...TMTTF forms a face-to-face 
segregated stack along the c-axis in dimerized manner (Figure 1 ) 

with the molecular 
separation of ca.3.5A 
within the dimer and 1 

ca.3.7A between the 
dimer. Overlapping 
pattern of the neigh- 
boring TMTTF within 

0 a 

0 

the dimer is differ- 
ent from that between 
the d imer . Therefore, 
high conductivity 
cannot be expected FIGURE I Crystal structure of TMTTF*HCBD(Z:I) 
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CRYSTAL STRUCTURES AND ELECTRICAL PROPERTIES OF HCBD CT COMPLEXES 347 

un fo r tuna te1  l y ,  and a c t u a l l y  t h e  complex i s  semiconduct ive ( p  =3.3 
RT 

xIOQcm, t!?a=0.16eV). I n t e r e s t i n g l y ,  HCBD makes a novel  s ide -by -s ide  

segregated s t a c k  a long t h e  c - a x i s  i n  which HCBD l i e s  p e r p e n d i c u l a r  

t o  t h e  donor p lane.  Each o f  HCBD i s  r a t h e r  independent (N . .N?3 .43A,  

vdW 3.OA) i n  t h e  s t a c k  b u t  has a p p r e c i a b l e  s h o r t  c o n t a c t  w i t h  

methyl groups o f  TMTTF(N--CH ,3.43A vdW 3.5A). HCBD i s  d i s o r d e r e d  

i n  t h e  o r i e n t a t i o n .  The degree o f  CT i s  es t ima ted  f r o m  t h e  bond 

3 

0 

0 

0 0 

3- 

l e n g t h  o f  t he  c e n t r a l  C=C o f  TMTTF and t h e  

(3200cm /IC due t o  (TMTTF)2+) as be ing  +O 
surement shows a n t  i f e r romagne t  i c  behav io r  

E S R  s i g n a l  d isappears below 20K. 

2 .  TMTTF.HCBD(1 : I )  t h i n  p l a t e . .  .Th i s  phase 

- 1  
r e f  1 e c t  i o n  s p e c t r a  

5 f o r  TMTTF. ESR mea- 

1/xmI=A(T+50)) and t h e  

grows t o g e t h e r  w i t h  t h e  

2 : l  phase b u t  more commonly. TMTTF and HCBD molecules fo rmtwo  inde-  

pendent u n i f o r m  f a c e - t o - f a c e  segregated columns a long  t h e  c - a x i s  

( F i g u r e  2). Molecular  planes o f  two k i n d s  of components l o c a t e  on 

t h e  p lane  o f  (101) approx imate ly  and t h e r e  a r e  s h o r t  c o n t a c t s  

between c e n t r a l  n i t r o g e n  and s u l f u r  atoms a long  [ l o 7 1  (N- .S=3.31; 

vdW 3.35A). l n t e r p l a n a r  d i s t a n c e  o f  TMTTF a long c i s  ca.3.6A and 
0 0 

0 

t h a t  o f  HCBD i s  ca.3.4A. HCBD 

i s  d i so rde red .  The complex has 

h i g h  r e s i s t i v i t y  (f>lO’&cm) 

because the  degree o f  CT de- 

termined from t h e  c e n t r a l  C=C 

o f  TMTTF i s  0 .2 ,  which incon- 

c e i v a b l y  small  f o r  such s t r o n g  

components. The r e f l e c t a n c e  o f  

t h e  complex was too  weak to 

measure, and t h e  f i r s t  absorp- 

t i o n  band (ca. 1000Ocm-l) has 

components a long  c as w e l l  as 

[IOi]. Whi le ,  second absorp- 

t i o n  a t  ca.l4500cm-’ i s  s o l e l y  

p o l a r i z e d  a long  [lei]. 
FIGURE 2 C r y s t a l  s t r u c t u r e  o f  
TMTTF*HCBD(I : 1 )  
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348 G. SAlTo ct al. 

The assignment of these bands are under investigation. ESR lntensity 
shows a slight decrease at ca.280K and almost diminishes at ca.15OK. 
Below that temperature, the signals reappear to show Curie like 
behavior. 

3. TTMTTF.HCBD(I : 1 )  rod...TTMTTF is distorted considerably about 

the central C=C bond in the neutral state, but becomes flat except 
the terminal methyl groups by the formation of the complex. Uniform 
segregated columns of each component are found along the b-axis 
(Figure 3 ) .  The donor columns are connected by S - * S  contacts(3.51A) 
along the c-axis. HCBD is disordered in this complex too. 
The first band in 
reflectance spectrum 

0 

is at 4 6 0 0 ~ m - ~  pola- 

rized along the b-ax 
which is due to par- 
tial CT. But this 
complex is semicon- 
ductive(1 .lxlO&?cm, 
0.22eV, Nb). This 

relatively poor 
conductivity may be 

ascribed to the 

4 

I S  

steric hindrance of FIGURE 3 Crystal structure of TTMTTF-HCBD 
methyl groups o f  

the donor, since the methyl groups are out o f  plane and the molecu- 
lar separationof TTMTTF is 3.65;. This complex shows Bonner-Fisher 
type magnetic behavior. 

( 1  :1). 
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