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CHARGE CARRIER TRANSPORT IN 1:l COMPLEXES OF 
TETRACYANOBENZENE WITH NAPHTHALENE ANTHRACENE 

AND DURENE 

J.B. WEBB, N.S. DALAL AND D.F. WILLIAMS 
Division of Chemistry, National Research 
Council of Canada, Ottawa, Canada 
(Submitted for p u b l i c a t i o n  March 1, 1978) 
It is well established that crystals of charge 

transfer (CT) complexes formed between aromatic 
donors and acceptors are built up of linear stacks 
of closely packed molecules . There are two main 
types of CT crystal structure, (1) a parallel 
arrangement of linear stacks made up of the individ- 
ual component molecules, AAAA...DDDD... and (ti) a 
parallel arrangement of linear stacks made up of 
alternating molecules, ADADA... In each case it is 
to be expected that the intermolecular forces between 
the face to face packed molecules in each stack are 
far greater than those forces between stacks. 
A considerable anisotropy in physical properties 
which are a strong function of intermolecular inter- 
actions is a natural result of these crystal 
structures. Such anisotropy has been reported in 
the few crystals of the ADAD structure which have 
been examined, for example, in triplet exciton motion 
in biphenxl' and anthracene tetracyanobenzene (TCNB) 
complexes ,4 and in charge carrier mobilities p in 
anthracene and phenthrene-pyromellitic-acid- 
dianhydride6 as well as anthracene-trinitrobenzene'. 
Carrier mobilities which were reported were all low, 
< 0.1 cma/V sec., and though the major interesting 
questions were posed, such as what is the effect of 
different donors on p ? ;  or are there separate 
conduction and valence bands for acceptors and 
donors?; the dearth of mobility data on a range of 
materials leaves these questions unanswered. 
We have recently measured the mobilities of holes in 
several TCNB complexes as a first step towards under- 
standing carrier transport in such materials. 
These are a particularly interesting series of 
materials in that triplet motion is said to be 
primarily two dimensional in anthracene TCNB3, and 
unidimensional in biphenyl TCNB'. 
of charge, like triplet exciton motion, is dominated 
by exchange interactions, and since CT triplet 

Since the transport 
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e x c i t o n s  c a r r y  an a p p r e c i a b l e  d i p o l e  moment - hence 
electron-phonon i n t e r a c t i o n s  are impor tan t  - i t  is 
r e a s o n a b l e  t o  expec t  some c o r r e l a t i o n  between CT 
t r i p l e t  and charge c a r r i e r  t r a n s p o r t  p r o p e r t i e s .  

shown i n  Fig. 1. The c r y s t a l s  which w e r e . s o l u t i o n  
A t y p i c a l  s t r u c t u r e  of one of o u r  complexes is 

C C 

T 

A 

T 

A . 
-a Onthiocene -TCNB mPhtholene -TCNB 

Fig. 1. C r y s t a l  s t r u c t u r e  of a n t h r a c e n e  and naph- 
t h a l e n e  TCNB. - c is t h e  c r y s t a l  s t a c k  a x i s .  

grown always e x h i b i t e d  a dominant o r  stack ax is .  
I n  t h e  naphtha lene  complex the naphtha lene  and TCNB 
molecules  l i e  p e r p e n d i c u l a r  t o  t h i s  a x i s ,  whereas 
i n  t h e  a n t h r a c e n e  and durene complexes t h e  molecules  
are t i l t e d  - 2 2 0  and - 2 0 Q  t o  t h e  & a x i s  r e s p e c t i v e -  
l y ~ .  

The c a r r i e r  m o b i l i t i e s  were measured from 
p h o t o c u r r e n t  t r a n s i e n t s  g e n e r a t e d  by a n i t r o g e n  
laser p u l s e .  The shape of t he  t r a n s i e n t  i n d i c a t e d  a 
s u r f a c e  g e n e r a t i o n  of charge ,  as expec ted ,  s i n c e  the  
laser l i g h t  3371 A' is s t r o n g l y  absorbed i n  a l l  
three complexes. Some t r a p p i n q  and thermal 
d e t r a p p i n g  is e v i d e n t  i n  F i g .  2 and t h i s  is t o  be 
expected f o r  s o l u t i o n  grown c r y s t a l s ,  b u t  the  k ink  
i n  t he  c u r r e n t  p u l s e  can s t i l l  be  c l e a r l y  seen .  
Only h o l e  t r a n s i e n t s  could  be r e s o l v e d  however, and 
some r e s i d u a l  space  charge always remained on the  
c r y s t a l  s u r f a c e ,  presumably due t o  t rapped  e l e c t r o n s .  
I n  t h i s  c a s e  t h e  m o b i l i t i e s  were c a l c u l a t e d  from 
t t  = L2/u(v-v0) where t t  i s  t h e  c u r r e n t  t r a n s i t  t i m e ,  
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v the e x t e r n a l  vo l tage  and vo the i n t e r n a l  p o t e n t i a l  
r e s u l t i n g  from t rapped  charge and L is the c r y s t a l  
t h i ckness .  The t r a n s i t  t i m e  was found t o  s c a l e  wi th  
c r y s t a l  t h i ckness  acco rd ing l to  the above r e l a t i o n .  
Some t y p i c a l  changes of tt- w i t h  appl ied  f i e l d  are 
shown i n  Fig.  2 f o r  a naphthalene TCNB c r y s t a l  w i t h  

Fig. 2.  Typica l  observed cu r ren t  t r a n s i e n t  and 
vol tage  dependence of  t r a n s i t  time-' on 

El I and L t o  the 2 a x i s .  
t rapped  between measurements by r eve r s ing  the  f i e l d  
and i l l u m i n a t i n g  the  sample. I n  t h i s  manner t h e  
i n t e r n a l  f i e l d  vo was found t o  be  cons tan t  f o r  each 
t r a n s i t  measurement, F ig .  2 .  The ca l cu la t ed  

The samples were always de- 
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m o b i l i t i e s  shown i n  Table I are q u i t e  l a r g e  f o r  

TABLE 1 

Observed ho le  m o b i l i t i e s  f o r  an thracene ,  naphthalene 
and durene TCNB c r y s t a l s  where p l l  i s  a long  t h e  
s t a c k  d i r e c t i o n  and p1 is perpend icu la r  t o  t h e  s t a c k  
a x i s .  

C omp l e  x 1.1 I 1 (cm’/v-s) 111 ( cm2/v-s 1 Erro r  

A-TCNB 2.8 
D-TCNB 2.7 
N-TCNB 2 *9 

3.3 f 10% 
3.3 f 10% 
4.8 f 10% 

aromat ic  m o b i l i t i e s .  Unfortunately the temperature  
range of  t h e s e  measurements, 260-3000K, was not  
s u f f i c i e n t  t o  a c c u r a t e l y  determine t h e  mobi l i ty  temp- 
e r a t u r e  dependence. Never the less ,  t he  l ack  of any 
s i g n i f i c a n t  mob i l i t y  an i so t ropy  and the r e l a t i v e l y  
high m o b i l i t i e s  i n d i c a t e  t h e  c a r r i e r s  are probably 
de loca l i zed .  No t r e n d  of  mob i l i t y  v a r l a t i o n  p a r a l l e l -  
i n g  t h a t  i n  t h e  pure pa ren t  donor hydrocarbon i s  
found. These r e s u l t s  show tha t  f o r  charge t r a n s p o r t  
s t u d i e s  i n  t h e s e  materials one should cons ider  the  
donor-acceptor pair  as an e n t i t y ,  and hence expect  
that  t h e  d r i f t  mobi l i ty  a long  the  s t a c k  a x i s  would 
show a oons iderable  temperature  dependence due t o  
s t r o n g  electron-phonon coupl ing.  
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