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CONDJCTING SYSTEMS WITH CRYSTALLINE CT COMPLEXES 

JACEK u LANSKI , ADAM T R A C Z ~  JEREMI JESZKA: AND MARIAN KRYSZEWSXI 
Polymer l n s t i  t u te ,  Techn ica l  U n i v e r s i t y  o f  t6d2,  90-924 t d d i ,  
Centre o f  Molecular  and Macromolecular S tud ies  P o l i s h  Academy 
o f  Sciences, 90-362 t d d i ,  Poland 

+ 

A b s t r a c t  The method o f  r e t i c u l a t e  dop ing  p r e v i o u s l y  used t o  
o b t a l n  bu l k -conduc t ing  macromolecular f i  lms i s  m o d i f i e d  to  
y i  e 1 d sur face-conduct  i ng ma te r i  a1 s .  Morphology and p r o p e r t  i es 
o f  these systems, c o n s i s t i n g  o f  a conduc t ing  network o f  CT 
complex c r y s t a l l i t e s  p e n e t r a t i n g  t h e  b u l k  o f  an i n e r t  po lymer 
m a t r i x  a re  b r i e f l y  descr ibed,  most o f  them b e i n g  supposed t o  
be common for b u l k  and su r face -conduc t ing  f i l m s .  P r e p a r a t i o n  
o f  s u r f a c e  conduc t ing  fi Ims i s  d i scussed  i n  terms o f  c r y s t a l  Ii- 
z a t i o n  of the components o f  the CT complex i n !  t i a l l y  mo lecu la r  
l y  d i spe rsed  i n  t h e  m a t r i x  due t o  a c o n t r o l l e d  i nc rease  o f  the 
mo lecu la r  m o b i l i t y  i n  t h e  s u r f a c e  l a y e r  o f  t he  f i l m .  P o s s i b l e  
mechanisms r e s p o n s i b l e  for the unusual e f f e c t i v n e s s  o f  t he  
r e t i c u l a t e  doping a r e  discussed. 

V O W  ME CONaJCTl NG F I LMS 

C r y s t a l l i z a t i o n  o f  h i g h l y  conduc t ing  c h a r g e - t r a n s f e r  CT complexes 

i n  po l ymer i c  ma t r i ces  d u r i n g  the  process o f  f i l m  c a s t i n g  p r o v i d e s  

an ex t reme ly  e f f e c t i v e  method o f  making commercial polymers condu- 

ctive':' Due t o  s p e c i f i c  c o n d i t i o n s  under which the  c r y s t a l l i z a t i o n  

takes p l a c e  ( h i g h  s u p e r s a t u r a t i o n  and h igh,  l n c r e a s i n g  medium v i s c o -  

s i t y  1 non -equ i l i b r i um,  v e r y  f i n e  and branched m i c r o c r y s t a l s  o f  the 

"o rgan ic  meta l "  a r e  formed. A t  a p p r o p r i a t e  c a s t  temperature and 

s o l v e n t  evapora t i on  r a t e  the  dendr i  t e -1  i k e  c r y s t a l s  p e n e t r a t e  t h e  

volume o f  the polymer f i l m  and form a conduc t ing  network. Th is  

technique c a l l e d  r e t i c u l a t e  dop ing  p r o v i d e  c o n d u c t i v e  f i  Ims a t  

s u r p r i s i n g l y  low a d d i t i v e  con ten t  - w e l l  below 1 w t  % - w i t h  s p e c i -  

f i c  c o n d u c t i v i t y  i n  the range 10-1 - ohm - 1  cm - 1  . Depending on 

the  p e r f e c t i o n  o f  the conduc t ing  network the temperature c o e f f i c i e n t  
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444 J .  ULANSKI er al. 

o f  the conduct iv i t y  (genera ly  s m a l l )  can be h igher  o r  lower. 

> p o s i t i v e  o r  negative . 
prolonged storage ( f o r  years ) i n  ambient atmosphere. Morphology o f  

the c r y s t a l l i n e  network depends q u a l i t a t i v e l y  on the add i t i ve  

concentrat ion and on the so lvent  used f o r  f i l m  cast ing,  as w e l l  as 

on the polymer (amorphous o r  c r y s t a l l i n e ,  i n e r t  o r  n o t ) .  I n  some 

systems cas t  a t  appropr iate cond i t ions  i t  i s  poss ib le  t o  reduce 

the required amount o f  a d d i t i v e  down t o  0 .3  w t % ,  i f  d e n d r i t i c  
4 s t ruc tu re  appears , 

The close re la t i onsh ip  between morphology o f  the c r y s t a l  l l n e  

E l e c t r i c a l  p roper t ies  are n o t  s i g n i f i c a n t l y  de te r io ra ted  a f t e r  

network and r e s u l t i n g  e l e c t r i c a l  p roper t ies  of the conducting f i lms  

a f fo rds  p o s s i b i l i t y  o f  ob ta in ing  mater ia ls  w i t h  h igh  anisotropy o f  

the conduc t i v i t y  using zone-so l i d i f i ca t i on  technique . 5 

SU R A C E  CONW CTI NG F I LMS 

S o l i d  so lu t ions  o f  CT complexes i n  which add i t i ves  are molecular ly 

dispersed i n  polymer m a t r l x  e x h i b i t  conductive p roper t i es  on ly  i n  

some cases a1 though many o f  them are photoconductors6. Very  recent- 

l y  i t  has been found tha t  when homogeneous s o l i d  so lu t ions  o f  

conductive CT complexes are t rea ted  w i t h  vapours o f  a proper so lvent  

p r e c i p i t a t i o n  o f  the add i t i ves  occurs and under favourable condi- 

t i ons  so-formed conducting network make the f i  I m  surface-conductin4 

P r e c i p i t a t i o n  o f  the conductive complex leads to  r e t i c u l a t e  c rys ta -  

lli zat ion  necessary t o  form a conductive network on ly  when mole- 

c u l a r  m o b i l i t y  i n  the surface l aye r  o f  the polymer f i l m  i s  enhanced 

t o  some extend due t o  swe l l i ng  w i t h  so lvent  vapours. The change 

o f  the v i s c o s i t y  o f  the layer  i n  which c r y s t a l l i z a t i o n  should 

occur 

not v i s i b l e  under microscope,mlcrocrystals o f  the CT complex could 

be formed. The thickness of  the conducting l aye r  can be est imated 

t o  be lower thansp ,  thus m k i n g  i t  poss ib le  t o  ob ta in  20 pm t h i c k  

have to be programmed i n  such a way t h a t  on ly  very f ine,  
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CONDUCTING SYSTEMS WITH CRYSTALLINE CT COMPLEXES 445 

polymer fi Ims  conducting on both sides independently. 

I n  s u i t a b l e  condi t l ons  i n i t i a l  concentrat ion o f  the molecu la r ly  

dispersed CT complex can be as low as 0.3 w t  %. Surface conduct i -  

v i t y  o f  polycarbonate + 0 . 3  w t  % TTT-TCNQ f i l m s  t rea ted  w i t h  d io -  

xane vapours i s  o f  the order  l o m 4  ohm-'. 

Using appropr iate masks i t  i s  poss ib le  t o  " p r l n t "  requ i red  

conducting p a t t e r n  on the surface o f  an ob jec t  made o f  s u i t a b l e  

doped po 1 yme r. 

Conductive layer  on the f f l m  surface can be used as a most 

unusual e lec t rode i n  i nves t i ga t i ons  o f  e l e c t r i c a l  p roper t i es  o f  

some polymers '. I t  has been found t h a t  dark conduc t i v i t y  and 

espec ia l l y  absorpt ion/resorpt ion cur ren ts  show d i f f e r e n t  behavlour 

when such r e t i c u l a t e  e lec t rode i s  used. Observed d i f f e rences  were 

a t t r i b u t e d  t o  f i e l d  i n j e c t i o n  o f  charge c a r r i e r s  ( probably e l e c t -  

rons ) from extremiy sharp CT complex c r y s t a l  spikes i n t o  adjacent 

polymer. 

DI S C U S S l  ON 

The r e l a t i v e l y  h igh  conduc t i v i t y  observed a t  so low content o f  con- 

duc t ing  f i l l e r  can be on ly  p a r t i a l l y  explained by formation o f  

dendr i tes.  Add1 t i o n a l  arguments are needed t o  exp la in  e f f e c t i v e  

charge-carr ier  t ranspor t  between ind i v idua l  dendr i tes.  I t  can be 

shown tha t  pure ly  s t a t i s t i c a l  contacts between dendr i tes  are no t  

s u f f i c i e n t  t o  y i e l d  the observed macroscopic conduc t i v i t y  . One can 

argue tha t  beside of the d e n d r i t i c  s t ruc tu re  v i s i b l e  under micro- 

scope which seems t o  be dominant i n  bulk-conducting f i l m s  a f i n e ,  

sub-microcrystal s t ruc tu re  i s  formed (dominant i n  surface condu- 

c t i n g  f i l m s  ) . This "second level"  s t ruc tu re  appears when v i s c o s i t y  

o f  the medium i s  very high, as i t  i s  i n  the case o f  producing o f  

surface conducting f i l m s ,  o r ,  f o r  bulk conducting f i l m s ,  such con- 

d i t i o n s  are f u l f i l l e d  i n  the l a s t  stage o f  cast ing,  j u s t  before 

f i l m  s o l i d i f i c a t i o n .  The polymeric medium Is then inhomogeneous 

and mic rocrys ta ls  o f  the CT complex grow between polymeric 
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globules aggregates so the  probabi 1 i t y  t o  meet another  one growing 

from the oppos i te  d i r e c t i o n  i s  r e l a t i v e l y  h igh.  

Even i f  the r e a l  c o n t a c t  between such m i c r o c r y s t a l s  i s  n o t  

achieved, an e f f e c t i v e  charge c a r r i e r  t r a n s p o r t  between them can 

be p o s s i b l e  by i n j e c t l o n  o f  charge c a r r i e r s  from c r y s t a l  edges or 

v i a  t u n n e l i n g  ( i f  the d is tance i s  s h o r t  enough). The f i r s t  p o s s l -  

b i l i t y  seems t o  be more l i k e l y  i n  view o f  the  r e s u l t s  the above 

mentioned experiments on the f i  Ims p rov ided w i t h  r e t i c u l a t e  e l e c -  

t rodes . 3 
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