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SUMMARY 

Drift mobility of holes in poly(N-vinylcarbazole) PVCA 

and its mixtures with poly(N-epoxypropylcarbazole) PEPCA was 

measured in a broad temperature range. Sensitivity of charge 

transport to the dynamic phenomena in the glass transition 

region was observed. Release of molecular motions near the 

glass transition temperature causes broadening of the transit 

time distribution and reversible decrease of the activation 

energy of drift mobility. 

INTRODUCTION 

Behaviour of the drift mobility of holes in the neigh- 

bourhood of the glass transition in PVCA-Iike polymers has 

been studied. Although the electric transport properties of 

PVCA have been investigated very intensively during the last 

decade, no special attention has been devoted to this parti- 

cular problem. Thermally activated hopping between carbazole 

groups is considered to be the transport mechanism, but the 

role of molecular motions in transport process needs further 

investigation. Connection between the charge transport and 

segmental motions is a characteristic feature of polymeric 

semiconductors, which has no counterpart in inorganic photo- 

conductive materials. In this paper we report our results of 

d r i f t  m o b i l i t y  measurement o f  h o l e s  i n  PVCA and PVCA:PEPCA 

m i x t u r e  above t he  g l a s s  t r a n s i t i o n  t e m p e r a t u r e ,  They c o r r e s -  

pond to  s i m i l a r  r e s u l t s  found r e c e n t l y  by ABI<OWITZ et  a l ,  

( 1981 )  f o r  the  case o f  some h o l e - t r a n s p o r t i n g  o r g a n i c  g l a s s e s .  
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EXPERIMENTAL 

H i g h m o l e c u l a r  L u v i c a n  M 170 from BASF was used as PVCA. 

I t s  mass -ave rage  m o l e c u l a r  mass Mw= 1 , 2 - 1 0 6  and g l a s s  t r a n s i -  

t i o n  t e m p e r a t u r e  T PvcA = 495 -500  K (KLOPFFER 1971, BERGFJORD 
g 

e t  a l .  1 9 7 9 ) .  I t  had been t w i c e  p u r i f i e d  by p r e c i p i t a t i o n  i n  

me thano le  p r i o r  to  use .  PEPCA was s u p p l i e d  by V i l n i u s  S t a t e  

U n i v e r s i t y  as an o l i g o m e r  o f  about  7 -10  monomer u n i t s  i n  one 

m o l e c u l e  and i t s  g l a s s  t r a n s i t i o n  t e m p e r a t u r e  T PEPcA = 323-  
g 

328 K (GAIDELIS e t  a l .  1 9 7 6 ) .  PVCA and PVCA:PEPCA = 1 :1  

m i x t u r e  ( m o i a r  r a t i o )  were  d i s s o l v e d  i n  t o l u e n e : c y c l o h e x a n o n e  

= 4 : i  ( vo lume r a t i o )  and c a s t  on to  c o n d u c t i v e  s u b s t r a t e s .  

F i lms  o f  t h i c k n e s s  from 3 to  6 ~m were formed a f t e r  t he  

e v a p o r a t i o n  o f  the  s o l v e n t s .  S e m i t r a n s p a r e n t  go ld  e l e c t r o d e s  

were e v a p o r a t e d  on the  f r e e  s u r f a c e  o f  t he  f i l m s  i n  o r d e r  to  

p r e p a r e  s a n d w i c h - t y p e  s t r u c t u r e s .  Both  a i um in ium and s t a i n -  

i e s s  s t e e i  were  used as the  s u b s t r a t e  m a t e r i a l s ,  and as w e i i  

as t o l u e n e : c y c l o h e x a n o n e  m i x t u r e ,  t e t r a h y d r o f u r a n e  and 

m e t h y l e n e c h i o r i d e  were examined .  

The d r i f t  m o b i i i t y  o f  h o i e s  was d e t e r m i n e d  by d i r e c t  

method based on t h e i r  t r a n s i t  t ime  measurement t h r o u g h  the  

po l ymer  f i i m .  UV i i g h t  s o u r c e  o f  p u l s e  d u r a t i o n  l e s s  than 

i / ~ s  was used f o r  cha rge  c a r r i e r  g e n e r a t i o n  and memmory 

o s c i i i o g r a p h  f o r  t he  d e t e c t i o n  o f  t he  c o r r e s p o n d i n g  e i e c t r i c  

c u r r e n t  t h r o u g h  the  samp le .  High UV a b s o r p t i o n  c o e f f i c i e n t  o f  

the  examined m a t e r i a l s  (KLOPFFER 1971,  GAIDELIS et  a l .  1976) 

i n s u r e s  s u r f a c e - t y p e  g e n e r a t i o n .  The who le  e x p e r i m e n t a l  

a r rangemen t  was the  same as t h a t  one used by GILL ( 1 9 7 2 ) .  

We a lways  read the  t r a n s i t  t ime  d i r e c t l y  from the  o s c i l -  

l o g r a p h  s c r e e n ,  wh ich  was enab led  by the  d i s t i n c t n e s s  o f  t he  

c h a r a c t e r i s t i c  knee on the  obse rved  t r a n s i e n t  c u r r e n t  c u r v e s .  

The e r r o r  o f  i t s  d e t e r m i n a t i o n  can be e s t i m a t e d  no t  to  exceed 

15%. T h i s  a c c u r a c y  i s ,  howeve r ,  f u l i y  s u f f i c i e n t  because the  

t r a n s i t  t ime  changed o v e r  t h r e e  o r d e r s  o f  magn i tude  i n  t he  

i n v e s t i g a t e d  e l e c t r i c  f i e l d  and t e m p e r a t u r e  r a n g e s .  Excep t  

f o r  t h i s ,  measurements  on about  30 samples had been done i n  

o r d e r  to  p rove  ou r  r e s u l t s  a i s o  s t a t i s t i c a l l y .  
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RESULTS AND DISCUSSION 

The d r i f t  m o b i l i t y  o f  h o l e s  i n  PVCA was found to be 

t h e r m a l l y  a c t i v a t e d  w i t h  t he  a c t i v a t i o n  e n e r g y  b e i n g  t empera -  

t u r e  i n d e p e n d e n t  i n  t he  who le  range T = 300-495 K. The c o r r e s -  

pond ing  t r a n s i t  t ime  i s  c h a r a c t e r i z e d  by a r e l a t i v e l y  smai1 

d i s p e r s i o n  so t h a t  t he  d r i f t  m o b i l i t y  i s  d e f i n e d  w e l l  enough .  

The v a l u e  o f  i t s  a c t i v a t i o n  e n e r g y  d e c r e a s e s  from 0 , 5 1  eV to 

0 , 3 6  eV when i n c r e a s i n g  the  a p p l i e d  e l e c t r i c  f i e l d  from 

2 , 9 - 1 0 6  V/m to 5 , 5 . 1 0 7  V/m . These r e s u l t s  a re  f u i l y  r e p r o d u -  

c i b l e  and d o n ' t  depend on w h e t h e r  t he  t e m p e r a t u r e  was b e i n g  

g r a d u a l l y  i n c r e a s e d  o r  d e c r e a s e d  d u r i n g  the  measurements .  I n  

t he  g l a s s  t r a n s i t i o n  r e g i o n  T PVCA = 495 -500  K, howeve r ,  
g 

d i s t i n c t  change o f  t r a n s p o r t  p r o p e r t i e s  was o b s e r v e d :  sudden 

b r o a d e n i n g  o f  t he  t r a n s i t  t ime  d i s t r i b u t i o n  made f u r t h e r  

d r i f t  m o b i l i t y  measurement i m p o s s i b l e .  T h i s  e f f e c t  was p a r t l y  

i r r e v e r s i b l e  - h i g h e r  t r a n s i t  t ime  d i s t r i b u t i o n  o f  the  h o l e  
TPVCA t r a n s p o r t  was o b s e r v e d  a f t e r  c o o l i n g  the  samples f rom g 

down to  room t e m p e r a t u r e ,  compared w i t h  f r e s h  f i l m s .  I n  s p i t e  

o f  t h i s  i t  was s t i l l  p o s s i b l e  to  e s t i m a t e  the  t r a n s i t  t ime  

be low T PvCA and to show t h a t  i t  had no t  unde rgone  any measur -  
g 

a b l e  change due to t he  p r e v i o u s  hea t  t r e a t m e n t .  

D r i f t  m o b i l i t y  o f  h o l e s  i n  PVCA:PEPCA = 1 :1  m i x t u r e  i s  

c h a r a c t e r i z e d  by one v a l u e  o f  a c t i v a t i o n  ene rgy  E from room 

t e m p e r a t u r e  up to 335 K. T h i s  a c t i v a t i o n  ene rgy  depends on 

the  e l e c t r i c  f i e l d  i n t e n s i t y  and changes from 0 , 5 2  eV at 

5 , 3 - i 0 6  V/m to  0 , 4 3  eV a t  3 , 5 ~  V/m, as shown i n  F i g u r e  1.  

When r e a c h i n g  the  t e m p e r a t u r e  335 I<, wh ich  i s  abou t  10 K 

above the  g l a s s  t r a n s i t i o n  r e g i o n  T PEPCA o f  PEPCA, sudden 
g 

b r o a d e n i n g  o f  t he  t r a n s i t  t ime  d i s t r i b u t i o n  a p p e a r s .  But  i n  

t he  case o f  h i g h  e l e c t r i c  f i e l d  i n t e n s i t y  F ~ 1 , 5 - 1 0 7  V/m, 

t he  d r i f t  m o b i l i t y  remains  s t i l l  measu rab le  up to  390 K when 

the  c h a r a c t e r i s t i c  knee on the  t r a n s i e n t  c u r r e n t  c u r v e s  

c o m p l e t e l y  d i s a p p e a r s .  The a c t i v a t i o n  e n e r g y  o f  t he  d r i f t  

m o b i l i t y  o f  h o l e s  i n  t he  t e m p e r a t u r e  i n t e r v a l  from 335 K to  

390 I< i s  more than two t imes  s m a l l e r  than  i n  t he  t e m p e r a t u r e  

r e g i o n  T < 335 K. These r e s u l t s  a re  a l s o  r e p r o d u c i b l e  e x c e p t  

f o r  t he  case o f  h e a t i n g  the  samples  o v e r  390 K, wh ich  r e s u l t s  
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Figure 1 Temperature dependence of the d r i f t  
dr  m o b i l i t y  ~ of holes in  PVCA:PEPCA = 1:1 molar 

r a t i o  m i x t u r e .  F represen ts  the app l ied  e l e c t r i c  

field i n t e n s i t y  and E is the a c t i v a t i o n  energy 
o f / { ~  dr 
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in irreversible increase of the transit time distribution, 

s i m i l a r  to the case of PVCA samples~ 

I t  f o l l ows  from the above given exper imen ta l  f ac ts  tha t  

the charge t r a n s p o r t  in  po lymer ic  semiconductors can be 

s t r o n g l y  i n f l uenced  by dynamic d i s o r d e r  - f l u c t u a t i n g  l o c a l  

p o t e n t i a l s  due to molecu lar  mot ions .  E s p e c i a l l y  l a ye r s  of 

PVCA:PEPCA = 1:1 m ix tu re  are convenient  f o r  the i l l u s t r a t i o n  

of t h i s  phenomenon, because PVCA and PEPCA each o the r  s t r o n g -  

l y  d i f f e r  in  the va lue of the g lass  t r a n s i t i o n  tempera tu re .  

The g lass  t r a n s i t i o n  temperature T H of t h e i r  1:1 molar r a t i o  g 
m ix tu re  can be c a l c u l a t e d  accord ing to the s imp les t  method 

(POCHAN et a l .  1979), which g ives T M = 390 K. Th is  i s  j u s t  g 
the temperature at which sudden broadening of the t r a n s i t  

t ime d i s t r i b u t i o n  was found. As we a lso  observed d i s t i n c t  

r e v e r s i b l e  change of the a c t i v a t i o n  energy of d r i f t  m o b i l i t y  

of holes when heat ing  the samples above 335 K as shown in  

F igure 1, we can conclude tha t  some molecu la r  motions are 

re leased at 335 I<, tha t  means c l o s e l y  above T PEPCA. I f  t h e i r  
g 

per iod  i s  comparable to or  s h o r t e r  than the res idence t ime of 

a c a r r i e r  on a p a r t i c u l a r  s i t e ,  they can p a r t i a l l y  cancel  the 

omnipresent s t a t i c  d i s o r d e r  p o t e n t i a l .  Th is  i s  mani fested in  

the decrease of the a c t i v a t i o n  energy of d r i f t  m o b i l i t y  of 

charge c a r r i e r s .  T r a p - c o n t r o l l e d  hopping mechanism i s  s u i t a b l e  

f o r  the exp lana t i on  of these phenomena (ABKOWITZ et a l .  1981).  
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