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Photoelectric Properties 
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Summary I n v e s t i g a t i o n s  on p h o t o e l e c t r i c  p r o p e r t i e s  o f  p o l y -  
m e r i c  c o p p e r  p h t h a l o c y a n i n e  h a v e  b e e n  c a r r i e d  o u t  i n  s u r f a c e -  
t y p e  p h o t o c e l l s ~  M e a s u r e m e n t s  i n d i c a t e  t r u e  p h o t o c u r r e n t s  d e -  
p e n d i n g  on t e m p e r a t u r e ,  i n t e n s i t y ,  v o l t a g e  and  w a v e l e n g t h .  

1. I n t r o d u c t i o n  

D a r k -  and  p h o t o e l e c t r i c  p r o p e r t i e s  o f  m o n o m e r i c  p h t h a l o c y a n i -  
n e s  h a v e  b e e n  s t u d i e d  i n  a s e r i e s  o f  p a p e r s  showing~  among 
o t h e r s ,  a p p l i c a t i o n s  i n  v i d i c o n  t e l e v i s i o n  p i c k u p  t u b e s  (MEIER 
and  ALBRECHT 1 9 6 9 ) ,  p h o t o e l e c t r o c h e m i c a i  d e v i c e s  (MEIER e t  a l .  
1979 ,  MINAMI 1 9 8 2 ) ,  x e r o g r a p h i c  p h o t o r e c e p t o r s  (WEIGL e t  a l .  
1972)  and  p h o t o v o l t a i c  c e l l s  (MEIER 1963,  MEIER an  ALBRECHT 
1964,  GHOSH e t  a l o  1974 ,  FAN and  FAULKNER 1978~ BENDERSKII e t  
al. 1978~ H0R et ale 1983~ MARTIN et ale 1983)o In addition~ 
recently interest has focussed on the electrical behaviour of 
polymeric phthalocyanines because of a dramatic enhancement of 
dark conductivity of monomeric units by the formation of brid- 
ged structures (MAKLES et al~ 1975) and polymers (MEIER 1974, 
HANACK et ale 1981, SCHNEIDER et ale 1982)o Moreover~ rela- 
tions between structure and conductivity, on the one hand~ and 
catalytic and electrocatalytic activity, on the other hand~ 
point to the possibility of using high-conducting polyphthalo- 
cyanines as catalysts~ eogo~ in fuel-cell cathodes (MEIER et 
al. 1973, MEIER 1976). 

However, in contrast to monomeric phthalocyanines no experi- 
mental results are known showing definite photoelectric pro- 
perties o f  p o l y m e r i c  p h t h a l o c y a n i n e s :  P h o t o e l e c t r o c h e m i c a l  
c u r r e n t s  o f  T i / T i 0 x / p o l y P c  r e p o r t e d  b y  WOHRLE e t  a l .  ( 1 9 8 3 )  
may p r o b a b l y  be  c o n s i d e r e d  a s  s p e c t r a l  s e n s i t i z a t i o n  o f  T i e  2 
p h o t o e l e c t r o d e s .  F u r t h e r m o r e ,  t h e r m a l  o r  b o l o m e r i c  e f f e c t s  
(ELEY e t  a l .  1981)  c a n n o t  b e  e x c l u d e d  i n  e x p e r i m e n t s  s h o w i n g  
p h o t o c u r r e n t s  a t  room t e m p e r a t u r e  i n  l o w - r e s i s t a n c e  p o l y p h t h a -  
l o c y a n i n e  d i s c s  o f  f i l m s  (SCHUMANN and  WOHRLE 1982,  MEIER e t  
a l .  1982)o 

T h e r e f o r e ,  s t u d i e s  a r e  n e c e s s a r y  f o r  a c l e a r  d e c i s i o n  a b o u t  
r e a l  p h o t o c o n d u c t i v i t y  o f  p o l y m e r i c  p h t h a l o c y a n i n e s  w h i c h  may 
be  t a k e n  as  i m p o r t a n t  c o m p o n e n t s ,  e . g o ,  i n  o r g a n i c  p h o t o v o l -  
t a i c  d e v i c e s ~  I n  t h i s  r e p o r t  f i r s t  r e s u l t s  o f  s t u d i e s  on p o l y -  
m e r i c  c o p p e r  p h t h a l o c y a n i n e  a r e  g i v e n ~  
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2 .  E x p e r i m e n t a l  

P o l y m e r i c  c o p p e r  p h t h a l o c y a n i n e  ( a b b r e v i a t e d  a s  p o l y C u P c )  h a s  
b e e n  s y n t h e s i z e d  b y  h e a t i n g  p y r o m e l l i t i c  d i a n h y d r i d e ,  c o p p e r  
( I I )  c h l o r i d e ,  u r e a  and  c a t a l y s t  a t  180 ~ - 220 ~ a c c o r d i n g  t o  
DRINKARD and  BAILAR ( 1 9 5 9 )  and  p u r i f i e d  b y  e x t r a c t i o n  a n d  
s u b l i m a t i o n  a t  10 - 2  t o r r  ( ~ I E R  e t  a l .  1975)o Monomer ic  c o p p e r  
p h t h a l o c y a n i n e  ( S c h u c h a r d t  HE 163 a )  was u s e d  w i t h o u t  f u r t h e r  
p u r i f i c a t i o n .  

F o r  s t u d i e s  o f  e l e c t r i c a l  p r o p e r t i e s  s u r f a c e - t y p e  c e l l s  w i t h  
e l e c t r o d e  d i s t a n c e s  o f  0 . 2  nun h a v e  b e e n  u s e d .  S a m p l e s  w e r e  
i n v e s t i g a t e d  a t  p r e s s u r e s  o f  10 -5  - 10 - 6  t o r r  i n  t h e  t e m p e r a -  
t u r e  r a n g e  o f  190 t o  350 Ko D a r k -  and  p h o t o c u r r e n t s  w e r e  
m e a s u r e d  w i t h  a K e i t h l e y  480 p i c o a m m e t e r  i n  c o m b i n a t i o n  w i t h  
a f a s t  r e c o r d e r .  

The l i g h t  s o u r c e  c o n s i s t e d  o f  a 1000 W x e n o n  l amp  ( h m k o ) ,  
f o c u s s e d  b y  q u a r t z  l e n s e s  on t h e  s a m p l e .  M o n o c h r o m a t i c  l i g h t  
f r o m  450 t o  1100 nm was o b t a i n e d  b y  u s i n g  b a n d  p a s s  f i l t e r s  
w i t h  b a n d  w i d t h s  o f  50 nm ( S c h o t t ) o  L i g h t  i n t e n s i t i e s  w e r e  
v a r i e d  w i t h  n e u t r a l  d e n s i t y  f i l t e r s  and  r e c o r d e d  b y  a M o l l  
t h e r m o p i l e o  A c t i o n  s p e c t r a  o f  p h o t o c o n d u c t i v i t y  h a v e  b e e n  
n o r m a l i z e d  t o  an  i n c i d e n t  p h o t o n  f l u x  o f  1 . 0 3  " 1017 p h o t o n s /  
cm2.s  c o r r e s p o n d i n g  t o  6 . 1 8  o 1015 p h o t o n s / s  p e r  s a m p l e  s u r -  
f a c e .  

3. Resul ts  and d i scuss ion  

In order  to recognize the inf luence  of po lymer iza t ion  e l e c t r i -  
ca l  p r o p e r t i e s  os monomeric and polymeric copper ph tha locya-  
nine have been s tud ied  and analyzed.  

3 o l .  Da rk  c o n d u c t i v i t y  

Dark  c o n d u c t i v i t y  o f  C u - p h t h a l o c y a n i n e  u s e d  i n  t h i s  s t u d y  i n -  
c r e a s e s  on t r a n s i t i o n  f r o m  t h e  monomer t o  t h e  p o l y m e r  a n a l o -  

g ous  t o  r e s u l t s  o b t a i n e d  w i t h  many m e t a l l o p h t h a l o c y a n i n e s  
see ,  e.go~ MEIER et  a l .  1973)o This enhancement ranging at  1 

T = 310 K from gD = 8.8 o 10-12 ~-1 cm-1 to gD = 6 �9 10-8 s -  
cm-1 i s  connected with a corresponding change of a c t i v a t i o n  
energy AE D and pre-exponen~ial  conduc t iv i t y  go which have been 
der ived from Arrhenius p l o t s  of dark conduc t iv i t y  by Eqo 1: 

~D = ~o exp  ( -  5ED/2 kT) ( 1 )  

(k  = B o l t z m a n n  c o n s t a n t ~  T = a b s o l u t e  T e m p e r a t u r e ) .  

The p a r a m e ~ e r s A a r e  hE = 1o56 eV ( 0 ~  eV) and  ~o = 70 
(1.5 - I0 - a  ~ - i  cm-1) at  303 K ~ W ~ 353 K (243 K ~ W < 3~3 K) 
fo r  monoCuPc and hE = 0.35 eV and go = 4.7 ~ 10 -5 ~ - I  cm-1 a t  
193 K ~ T { 312 K f o r  polyCuPc. Moreover~ dark cur ren ts  I D 
inc rease  with i nc rea s ing  f i e l d  corresponding to 

I D = a " U s (2) 

U.= v ~ l t a g e ~  a = c o n s t a n t )  w i t h  p a r a m e t e r s  s = 1 . 6 2  (E 
10 - 10 ~ V/cm) f o r  monoCuPc and  s = 1 .S  (E = 400 - 2 - 1 0 3  
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V/cm) f o r  p o l y C u P c  s h o w i n g  a t r a n s i t i o n  t o  s p a c e - c h a r g e - l i m ~ e d  
c u r r e n t s .  

3 . 2 .  Photoconductivity 

Analogous to monoCuPc the conductivity of polyCuPc increases 
rapidly (i.e.~ within I s) on irradiation with visible light. 
However~ there are differences between the photoelectric sen- 
sitivity of monomeric and polymeric Cu-phthalocyanines: 
MonoCuPc used in this study is characterized at T - 180 K~by 
~ph = 2~ " I0-I0 ~-I cm-I and poly CuPc by ~ph = 5 " I0 -U ~-~ 
cm-1 .  

I n  d i s c u s s i n g  p h o t o r e s p o n s e  o f  p o l y C u P c  t h e  f o l l o w i n g  r e l a -  
t i o n s h i p s  s h o u l d  be  t a k e n  i n t o  a c c o u n t :  

I. Photocurrents increase with light intensity I B yielding 
curves of 

= b o ( 3 )  I p h  

as shown in Fig. 1 (b = constant. T = intensity parameter). 

1 " 10 - 8  

.~. 10 - 9  

= 

U 
0 

0 

1- lO - 9  

5 - 10 - l c  

257 K 

225 K 

I I I i i i I i I I 

10 50 100 

R e l a t i v e  l i g h t  intensity (%) 

Fig. I Dependence of photocurrent on light intensity in 
polyCuPco X = 498 nm. U = 40 volt. I B (i00 %) = 
5~ �9 I016 photons/em 2 o s. 

P a r a m e t e r s  T = 0 . 8 5  - 0~  w h i c h  h a v e  b e e n  m e a s u r e d  b e t w e e n  
192 K and  508 K (k  = 498 nm) p o i n t  t o  t h e  c o n t r o l  o f  c a r r i e r  
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r e c o m b i n a t i o n  b y  e x p o n e n t i a l l y  d i s t r i b u t e d  t r a p s  ( s e e  ~ I E R  
1974~ HAbIANN 1978)o 

2. Photocurrents increase with increasing voltage correspond- 
ing to 

I p h  = ~ �9 U ~ ( 4 )  

a s  d e m o n s t r a t e d  i n  F i g ~  2 ( a  = c o n s t a n t ,  s = v o l t a g e  p a r a -  
m e t e r ) .  

5" 10 -6 

- 6  
-~ 1 - 1 0  

~ S- 10 - 7  

0 

1" 10 - 7  

5 �9 10 - 8  

277  K 

245 K 

2 2 1 K  

193 K 

tO SO 

Applied voltage (volt) 

F i f o  2 D e p e n d e n c e  o f  p h o t o c u r r e n t  on  a p p l i e d  v o l t a g e  i n  
p o l y C u P c .  I B ( u n f i l t e r e d )  ~ 20  m W / s a m p l e o  

P a r a m e t e r s  s b e t w e e n  E = 250  V/cm a n d  E = 2 - 103 V/cm m e a s -  
u r e d  i n  t h e  t e m p e r a t u r e  r e g i o n  o f  193 K t o  277  K y i e l d  v a l u e s  
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of  1 . 5 1 .  These  v a l u e s  c o i n c i d e  w i t h  p a r a m e t e r s  s o f  d a r k  c u r -  
r e n t s  and i n d i c a t e  s p a c e  c h a r g e  e f f e c t s .  

5.  The t e m p e r a t u r e  d e p e n d e n c e  o f  p h o t o c o n d u c t i v i t y  can  be e x -  
p r e s s e d  by  

gph = g o , p h  " exp ( -  AEph/kT) (5 )  

as  indicated in Fig. 3 by an hrrhenius plot. 
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T [K-13 

Fig. 3 T e m p e r a t u r e  d e p e n d e n c e  of p h o t o c o n d u c t i v i t y  of 
polyCuPc. IB (unfiltered) = 20 mW/sample. 

From t h i s  g r a p h  two r e g i o n s  o f  p h o t o c o n d u c t i v i t y  can  be d e -  
r i v e d  wh ich  a r e  c h a r a c t e r i z e d  by t h e  f o l l o w i n g  p a r a m e t e r s :  
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T e m p e r a t u r e  b e l o w  273 K: hEph = 0 . 1 1  eV, ~o~ph = 

6 . 5  " 10 -5  - 1  cm-1 

T e m p e r a t u r e  a b o v e  273 K: 5Eph = 0 . 2 8  eV~ a o , p h  = 

8 . 7  - 10 - 2  ~ - 1  cm-1 

V a l u e s  o f  a c t i v a t i o n  e n e r g y  a r e  l o w e r  t h a n  v a l u e s  f o r  AE D 
b e l o w  273 K. T h e r e f o r e ~  t h e r m a l  e f f e c t s  c a n  be  e x c l u d e d  i n  
t h e  p h o t o r e s p o n s e  o f  p o l y C u P c .  

4 .  The p h o t o c o n d u c t i v i t y  s p e c t r u m  o f  monoCuPc i s  c h a r a c t e r i -  
z ed  b y  a r e m a r k a b l e  c h a n g e  on t r a n s i t i o n  t o  t h e  p o l y m e r  as  
shown i n  F i g .  4 .  
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F i ~ .  4 P h o t o c o n d u c t i v e  s p e c t r a  o f  p h t h a l o c y a n i n e s  

( a )  P o l yC uP c  ( p l o t t e d  a s  I 1 / Y / N  w i t h  n = 0 ~  
ph " q 

( b )  MonoCuPc ( p l o t t e d  f o r  c o n s t a n t  p h o t o n  f l u x  
Nq = 1o03 1017)o 
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The main  p o i n t s  os t h i s  change  a r e  

- t h e  r e m o v a l  o f  p h o t o e o n d u c t i v i t y  p e a k s  a t  a b o u t  850 nm and 
1050 nm wh ich  a r e  c h a r a c t e r i s t i c  o f  monoCuPc ( s e e  HARRISON 
1969,  MINAMI 1982)  

- t h e  f o r m a t i o n  os a b r o a d  p h o t o c o n d u c t i v i t y  b an d  c o v e r i n g  
t h e  v i s i b l e  r e g i o n  i n  p o l y C u P c .  

5 .  Po lyCuPc  i s  a b o u t  two o r d e r s  o f  m a g n i t u d e  more p h o t o s e n s i -  
t i v e  as  monoCuPc. An e s t i m a t i o n  o f  t h e  p h o t o c o n d u c t i v e  g a i n s  
G, d e f i n e d  as  t h e  number  os c h a r g e  c a r r i e r s  p a s s i n g  t h r o u g h  
t h e  s a mp le  p e r  a b s o r b e d  pho ton~  g i v e s  GDolvCuPc ~ 7 - 10-  b 
and GmonoCuPc ~ 5 �9 10 -~  (k = 4983 ~;  E-= 2000 V/cm) .  

4o Conclusion and Acknowledgement 

In conclusion it can be  stated that in surface-type devices 
polyCuPc reveal true photocurrents at low temperatures where 
dark conductivity is strongly reduced. Further experiments 
are now necessary on the mechanism os the photocarrier gene- 
ration and on the photoelectric properties of polyphthalo- 
cyanines with different metals. 

The a u t h o r s  wou ld  l i k e  t o  e x p r e s s  b e s t  t h a n k s  t o  t h e  V o l k s -  
wagen F o u n d a t i o n  f o r  f i n a n c i a l  s u p p o r t .  
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