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PHOTOCONDUCTIVE PROPERTIES OF SOME POLYORGANOPHOSPHAZENES DO- 
PED WITH TRINITROFLUORENONE 

P I E R G I U L I O  D I  MARCO, GABRIELE G I R O ,  SILVANO L O U ,  MARIO GLERIA 
F.R.A.E. I n s t i t u t e ,  Via de '  Cas tagnol i  1, Bologna, I t a l y  

A b s t r a c t  
genera l  non photoconduct ing polymers. The doping w i t h  t r i n i t r o f l u o -  
renone changes t h e i r  o p t i c a l  and e l e c t r i c a l  c h a r a c t e r i s t i c s :  new 
o p t i c a l  absorp t ion  bands appear  i n  t h e  v i s i b l e  region and t h e  doped 
polymers show photoconductive p r o p e r t i e s .  The photoresponse seems 
t o  be r e l a t e d  t o  t h e  n a t u r e  of t h e  o r g a n i c  group a t t a c h e d  t o  t h e  
polymer c h a i n .  

Polyorganophosphazenes a r e  e l e c t r i c a l  i n s u l a t o r s  and i n  

INTRODUCTION 

Polydichlorophosphazene c o n s i s t s  of an a l t e r n a t i n g  sequence of P 

and N atoms, w i t h  two C l  atoms a t t a c h e d  t o  each phosphorous ( f i g . 1 ) .  

X-ray d i f f r a c t i o n  techniques  pro- r cli 
vided evidence o f  a c i s - t r a n s  pla-  

nar  type of s t r u c t u r e ,  wi th  a po- 

lymer r e p e a t i n g  d i s t a n c e  a long  t h e  

f i b e r  a x i s  of 4 . 9 2  A . 
I n  polyorganophosphazenes t h e  C 1  

atoms a r e  s u b s t i t u t e d  wi th  s u i t a b l e  o r g a n i c  groups and i n  p r i n c i p l e ,  

by a c a r e f u l  choice o f  t h e  s u b s t i t u e n t s ,  any s e t  of r e q u i r e d  phy- 

s i c a l  p roper ty  can be designed.  In  genera l  t h e s e  polymers possess  a 

high molecular  weight ,  high thermal  r e s i s t e n c e ,  h i g h  s t a b i l i t y  t o  

t=(!$ 
FIGURE 1 S t r u c t u r a l  formula of 
polydichlorophosphazene 
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440 P. DI MARC0 et al 

POLY[EIS (p-TOLYLAMINO)] PHOSPHAZENE ~HG-NH- 

uv and v i s i b l e  r a d i a t i o n .  Thei r  doping wi th  t r i n i t r o f l u o r e n o n e  (TNF) 

proves t o  be, i n  some c a s e s ,  a u s e f u l  method f o r  o b t a i n i n g  mater i -  

a l s  with good photoconductive p r o p e r t i e s  i n  t h e  uv and v i s i b l e  ran- 

ge. 

P E T  

EXPERIMENTAL 

The polyorganophosphazenes used i n  t h e s e  experiments  and r e p o r t e d  

i n  Table I were doped wi th  a h igh  c o n c e n t r a t i o n  of TNF ( 0.4  t o  2 

TNF molecules f o r  1 polymer monomeric u n i t  ). The complex was pre-  

pared by d i s s o l v i n g  t h e  polymer and t h e  TNF i n  a mixture  of to luene  

and cyclohexanone. A sandwich ce l l  arrangement w a s  used f o r  t h e  e- 

l e c t r i c a l  measurements. The complex s o l u t i o n  was coa ted  on a semi- 

t r a n s p a r e n t  l a y e r  of A 1  depos i ted  on a q u a r t z  p l a t e ;  t h e  f i l m  obta-  

ined ( 2-10 pm t h i c k  ) was h e a t  cured f o r  t h e  removal o f  the  s o l -  

vent .  A second metal  l a y e r  completed t h e  sandwich. 

TABLE I Polymers used and formula of  t h e  o r g a n i c  s u b s t i t u e n t  

POLY[BIS (Z-NAPHTHOXY$ PHOSPHAZENE I m/o- j 1 
The e l e c t r i c a l  measurements were performed u s i n g  a Kei th ley  610B e- 

lectrometer and a Fluke 412B power supply.  The sandwich c e l l  w a s  

p laced  i n s i d e  a screened c o n t a i n e r  having  a q u a r t z  window f o r  t h e  

en t rance  of t h e  l i g h t  coming from a Xenon 900 W and f i l t e r e d  wi th  a 

Hilgher  & Watts monochromator. The l i g h t  i n t e n s i t y  was measured wi th  

an E G  & G 460 l a s e r  power meter. 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

2:
46

 2
0 

Fe
br

ua
ry

 2
01

3 



PHOTOCONDUCTIVITY OF POLYORGANOPHOSPHAZENES 441 

OPTICAL AND ELECTRICAL PROPERTIES 

Undoped po lymers :  t h e  s u b s t i t u e n t  i s  r e s p o n s i b l e  f o r  t h e  a b s o r p t i o n  

a t  wave lengh t s  h i g h e r  t h a n  200 nm. The polymers  a r e  e l e c t r i c a l  i n -  

s u l a t o r s ,  w i t h  a r e s i s t i v i t y  comprised between 

and d o n ' t  show any a p p r e c i a b l e  p h o t o c o n d u c t i v i t y .  

and 10 1 6  ohm.cm 

FIGURE 2 Absorp t ion  s p e c t r a  o f :  5 PBN f i l m ,  PBN-TNF f i l m ,  
- c C . T .  complex between 2-naphthol and TNF i n  t o l u e n e .  

Doped polymers:  f i g u r e  2 shows t h e  a p p e a r e n c e  of a new a b s o r p t i o n  

band i n  t h e  v i s i b l e  r e g i o n ,  due t o  C . T .  f o r m a t i o n  between s u b s t i -  

t u e n t  groups and TNF. 

The d a r k  c o n d u c t i v i t y  i n c r e a s e s  o f  254 o r d e r  o f  magn i tude .  When i r -  

r a d i a t e d  w i t h  v i s i b l e  o r  u v  l i g h t ,  t h e  doped material shows an  i n -  

c r e a s e  o f  t h e  e l e c t r i c a l  c o n d u c t i v i t y ;  t h e  b e s t  r e s u l t s  are o b t a i -  

ned w i t h  PBN-TNF 1:1, where a p h o t o c u r r e n t  d e n s i t y  o f  10-6A/cm i s  

r eached ,  w i t h  5x10 

w i t h  an  a p p l i e d  f i e l d  of  10 V / c m .  

2 

13 2 
photons/cm imping ing  on t h e  c e l l ,  a t  450 nm, 
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FIGURE 3 
PBN-TNF 1: 1. 

Photocurren t  a c t i o n  s p e c t r a  of : 2 PBT-TNF 1:1, - b 

The a c t i o n  spectrum of PBT-TNF i n d i c a t e s  c l e a r l y  t h a t  t h e  exc i ton-  

s u r f a c e  mechanism of charge genera t ion  i s  involved and t h a t  t h e  e- 

l e c t r o n s  a r e  t h e  m a j o r i t y  c a r r i e r s ,  whereas t h e  a c t i o n  spectrum of  

PBN-TNF shows a s t r o n g  s e n s i t i z a t i o n  e f f e c t  i n  t h e  s p e c t r a l  reg ion  

where the  l i g h t  i s  absorbed only by t h e  C . T .  ( t h e  long wavelenght 

cu tof f  of TNF absorp t ion  i s  a t  450 nm ) .  

Two p o s s i b l e  explana t ions  e x i s t  f o r  t h i s  e f f e c t :  (a )  photodetrap-  

ping of t rapped c a r r i e r s  o r  (b) photogenera t ion  of charge p a i r s  t -  

hrough t h e  e x c i t e d  C . T .  complex. 
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