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TRANSIENT AND STEADY PHOTOELECTRIC RESPONSES OF LB FILMS 

CONTAINING AMPHIPATHIC PORPHYRIN AND REDOX CHROMOPHORES 
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C r y s t a l l i n e  F i l m s  L a b o r a t o r y ,  Research  I n s t i t u t e  o f  E l e c t r o n i c s ,  

Shizuoka  U n i v e r s i t y ,  3-5-1 Johoku,  Hamamatsu 4 3 2 ,  JAPAN 

SHIGENOBU KAMATA 

The Graduate  School  of E l e c t r o n i c  S c i e n c e  and Technology,  Shizuoka 

U n i v e r s i t y ,  3-5-1 Johoku,  Hamamatsu 4 3 2 ,  JAPAN 

KENJI TOYOZAWA AND TEIICHIRO OGAWA 

Department of  Molecular  S c i e n c e  and Technology,  Graduate  School  of 

E n g i n e e r i n g  S c i e n c e s ,  Kyushu U n i v e r s i t y  39, Kasuga 816, JAPAN 

A b s t r a c t  Sandwich  t y p e  ce l l s  of LB f i l m s  c o n t a i n i n g  a m -  
p h i p a t h i c  p o r p h y r i n  monolayers  ( P )  and c a r b a z o l e  or a l l o x a z i n e  
d e r i v a t i v e s  i n  monolayers  a d j a c e n t  t o  P were c o n s t r u c t e d  between 
IT0 and A 1  e l e c t r o d e s .  The a c t i o n  s p e c t r a  of s t e a d y  and t r a n -  
s i e n t  p h o t o c u r r e n t s  c o r r e s p o n d e d  well  w i t h  t h e  a b s o r p t i o n  
spec t rum o f  p o r p h y r i n  i n  LB f i l m s .  T r a n s i e n t  p h o t o c u r r e n t s  upon 
e x c i t a t i o n  of p o r p h y r i n s  w i t h  a dye laser were observed  i n  LB 
f i l m s ,  which showed a f a s t  rise and a s low e x p o n e n t i a l  decay .  
The decay behavior  and t h e  v a l u e s  of s t e a d y  p h o t o c u r r e n t s  de- 
pended on t h e  n a t u r e  of redox chromophores and t h e  e x t e n t  of 
t h e i r  a g g r e g a t i o n  t o g e t h e r  w i t h  t h e  b i a s  v o l t a g e .  From t h e s e  
r e s u l t s ,  redox chromophores were concluded t o  r e t a r d  t h e  decay 
of p h o t o c a r r i e r s  i n  monolayers  a d j a c e n t  t o  LB f i l m s  c o n t a i n i n g  
p o r p h y r i n  which g e n e r a t e d  them. 

INTRODUCTION 

We have  been s t u d y i n g  p h o t o p h y s i c a l  and photochemical  p r o p e r t i e s  of LB 

f i l m s  i n  o r d e r  t o  c o n s t r u c t  m o l e c u l a r  e l e c t r o n i c  and p h o t o n i c  d e v i c e s  

i n  t h e  n e a r  f u t u r e  photoinduced e l e c t r o n  t r a n s f e r  r e a c t i o n s  i n  
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172 T. NAGAMURA, S. KAMATA, K.  TOYOZAWA AND T. OGAWA 

LB f i l m s  are among t h e  most i m p o r t a n t  t o  be c o n t r o l l e d  a t  t h e  
m o l e c u l a r  l e v e l  t o  a c h i e v e  such  purposes .  We have a l r e a d y  r e p o r t e d  

r e v e r s i b l e  c o l o u r  changes3s6 and photochemical  c o n t r o l  of second 

o r d e r  o p t i c a l  n o n l i n e a r i t y  1 1 9 1 3  i n  LB f i l m s  based on photoinduced 

e l e c t r o n  t r a n s f e r  r e a c t i o n s .  S e v e r a l  r e p o r t s  have r e c e n t l y  been made 

on time-dependent p h o t o e l e c t r i c  r e s p o n s e s  i n  LB f i lms.1’5’14~17-22 

These e x p e r i m e n t s  w i l l  g i v e  d i r e c t  i n f o r m a t i o n  on r e l a x a t i o n  times of 

p h o t o c a r r i e r s  o r  t h e  mechanism of photoconduct ion  i n  LB f i l m s .  We 

have f i r s t  r e p o r t e d  t r a n s i e n t  p h o t o c u r r e n t s  i n  LB f i l m s  c o n s i s t e d  of  

monolayers  of  p h o t o r e a c t i o n  c e n t e r  p o r p h y r i n  and monolayers  of  long- 

c h a i n  f a t t y  a c i d s . ’  We have a l s o  r e p o r t e d  t r a n s i e n t  p h o t o c u r r e n t s  i n  

LB f i l m s  c o n t a i n i n g  porphyr in  and redox ~ h r o m o p h o r e s . ~ )  l 4  It was 

found from t h e s e  r e s u l t s  t h a t  most p h o t o c a r r i e r s  g e n e r a t e d  from ex- 

c i t e d  p o r p h y r i n s  decayed i n  monolayers  of f a t t y  a c i d s  and t h a t  t h e  

decay w a s  c o n t r o l l e d  by i n c o r p o r a t i n g  redox chromophores.195114 I n  

t h e  p r e s e n t  paper  t r a n s i e n t  and s t e a d y  p h o t o e l e c t r i c  r e s p o n s e s  of 

- 2 

FIGURE 1 S t r u c t u r e  and a b b r e v i a t i o n s  o f  t h e  compounds employed. 
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RESPONSES OF LB FILMS 173 

composite LB films consisted of amphipathic porphyrin J, and redox com- 
pounds such as 1,3-dihexadecylalloxazine 2 or 11-(9-carbazolyl)- 
undecanoic acid 2 will be discussed in details. 

EXPERIMENTAL 

Arachidic acid 4 and palmitic acid 2 were also used to prepare good 
quality LB films of chromophores. The structure and abbreviations of 
the compounds employed in the present experiment are shown in FIGURE 
1. Five monolayers of a mixture of 1. and 4 (1:5, denoted as P) were 
deposited from an aqueous subphase containing 0.25 mM CdC12 and 0.05 
mM NaHC03 (pH 6 . 3 )  at 18"C, 20 mN.m-l as Y-type films on an IT0 sub- 

base 
IT0 

FIGURE 2 Schematic representation of composite LB films sandwiched be- 
tween IT0 and A1 electrodes for a PCUA5 system as an example. 

strate. Two monolayers of 2 or 2 alone, mixtures of 5 and 2 ( 2  - 25 

mol%) or 4 and 2. (17 mol%) were further deposited at 15 or 18°C and 20 
mN0m-l. These LB films are abbreviated t o  PCUAO, FCUA2, FCUA5 and 
PCUA25, or PDO, PD17 and PDlOO systems corresponding to the molar 
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174 T. NAGAMURA, S. KAMATA, K .  TOYOZAWA AND T. OGAWA 

f r a c t i o n ( % )  o f  3 o r  2, r e s p e c t i v e l y .  LB f i l m s  of s i x  mono laye r s  of P 
d e p o s i t e d  on o n e  m o n o l a y e r  of  4 were a l s o  p r e p a r e d ,  w h i c h  is a b -  

b r e v i a t e d  t o  AlP6. Aluminum was vacuum e v a p o r a t e d  o n t o  LB f i l m s  as a 

sandwich-type e l e c t r o d e .  A s c h e m a t i c  r e p r e s e n t a t i o n  of a PCUA5 s y s t e m  

between e l e c t r o d e s  is  shown i n  FIGURE 2 .  

These  LB f i l m s  set i n  a c r y o s t a t  were i r r a d i a t e d  by a 150 W Xe 

l a m p  t h r o u g h  a 10 cm water f i l t e r ,  a n  L-35 o r  L-39 f i l t e r ,  a n d  a 

monochromator.  S t e a d y  p h o t o c u r r e n t s  were obse rved  by a n  e l e c t r o m e t e r .  

T r a n s i e n t  p h o t o c u r r e n t s  upon e x c i t a t i o n  of LB f i l m s  w i t h  a dye  laser 

(Molec t ron  DL-14P pumped by UV24 n i t r o g e n  laser, a b o u t  30 W ,  10 n s )  

were measured by t h e  u s e  o f  a h i g h  s p e e d  c u r r e n t  a m p l i f i e r  ( I t h a c o  

Dye laser -_______ +----\ mirror - n2 laser UV-243 
DL-14P 6 beam expander 

controlle 
generato 

I 
Digital CH-1 

Microcompute 

1-1 diode] 

I 
Cryosta t Current - 

memory CH-2 am D 1 i fie r, LB sample 
I 

I 1 
Bias 

FIGURE 3 A b l o c k  d i a g r a m  o f  t h e  m e a s u r e m e n t  s y s t e m  o f  t r a n s i e n t  

p h o t o c u r r e n t s  i n  LB f i l m s  e x c i t e d  w i t h  a d y e  laser. 

1211)  a t  lo5 - lo6 V*A-’ g a i n  and a d i g i t a l  memory ( I w a t s u  DM-2350, 10 

b i t ,  2 c h a n n e l s ) .  A b l o c k  d i ag ram o f  t h e  measurement s y s t e m  o f  t r a n -  

s i e n t  p h o t o c u r r e n t s  is shown i n  FIGURE 3 .  The r e l a t i v e  i n t e n s i t y  o f  a 

d y e  l a s e r  w a s  m o n i t o r e d  by a p h o t o d i o d e  a n d  was r e c o r d e d  s i m u l -  

t a n e o u s l y  w i t h  a m p l i f i e d  p h o t o c u r r e n t s  w i t h  a d i g i t a l  memory. 

BESULTS AND DISCUSSION 
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RESPONSES OF LB FILMS 175 
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V 
0 
0 
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O L  

-5 

S u r f a c e  p r e s s u r e  - m o l e c u l a r  area ( IT  - A )  i s o t h e r m s  for  (a) 4 ,  ( b )  4 + 
- 2 (17%),  a n d  (c) 2 o n  a n  a q u e o u s  s u b p h a s e  c o n t a i n i n g  0 . 2 5  mM CdC12 and  

0.05 mM NaHC03 (pH 6.3) a t  18'C showed s t a b l e  s o l i d  condensed  phase .  

The  l i m i t i n g  area was (a) 0 . 2 0 ,  ( b )  0.30, a n d  ( c )  0.78 nm , r e s p e c t i v e -  

l y ,  which showed a homogeneous mix ing  o f  4 and  2. i n  ( b ) .  The IT - A 

i s o t h e r m s  f o r  m i x t u r e s  of 5 a n d  2 have  been  r e p o r t e d  p r e v i o u s l y .  

2 

12 

: I 1 1 i i I i i a I a 8 1 

- - 
- 

Light OFF 

- 

. .  
.'':%-:; , . . ..* -; 
. 

;+&*, 

- Light ON 
. .  f -. 

1 8 3  * l , , , l , , , ,  

FIGURE 4 S t e a d y  p h o t o c u r r e n t s  o b s e r v e d  for  a n  A1P6 s y s t e m  e x c i t e d  a t  

525 nm w i t h  a Xe lamp.  

S t e a d y  p h o t o c u r r e n t s  were o b s e r v e d  f o r  t h e s e  LB s y s t e m s  as shown 

i n  FIGURE 4 f o r  a n  A1P6 s y s t e m  e x c i t e d  a t  5 2 5  nm a n d  zero b i a s  

v o l t a g e .  The a c t i o n  s p e c t r a  o f  s t e a d y  p h o t o c u r r e n t s  c o r r e s p o n d e d  w e l l  

w i t h  t h e  a b s o r p t i o n  s p e c t r u m  o f  1 i n  LB f i l m s  f o r  a l l  systems s t u d i e d  

e x c e p t  t h o s e  c o n t a i n i n g  2 which gave  a d d i t i o n a l  p h o t o c u r r e n t s  below 

a b o u t  425 nm d u e  t o  a l l o x a z i n e  chromophore.2 The a c t i o n  s p e c t r u m  o f  

s h o r t  c i r c u i t  p h o t o c u r r e n t s  f o r  a n  Alp6 s y s t e m  is shown i n  FIGURE 5 as 

a n  example t o g e t h e r  w i t h  t h e  i n t r i n s i c '  c u r r e n t  quantum e f f i c i e n c y  4 ,  
which was i n d e p e n d e n t  o f  t h e  w a v e l e n g t h .  LB f i l m s  o f  3 d i d  n o t  a b s o r b  

above  a b o u t  380 nm. P o s i t i v e  s t e a d y  p h o t o c u r r e n t s  were o b s e r v e d  w i t h  

b i a s  v o l t a g e s  h i g h e r  t h a n  a b o u t  -0.4 V t o  A l ,  below which t h e  p o l a r i t y  
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176 T. NAGAMURA, S. KAMATA, K. TOYOZAWA AND T. OGAWA 
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r e v e r s e d .  S teady  p h o t o c u r r e n t s  i n c r e a s e d  w i t h  b i a s  v o l t a g e s  i n  a l l  

LB f i l m s  c o n t a i n i n g  redox chromophores and/or  long-chain f a t t y  a c i d s  

I I I I I I 

- -032 
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0; i 

0 ;  : 
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FIGURE 5 The a c t i o n  spec t rum o f  s t e a d y  p h o t o c u r r e n t s  f o r  a n  A1P6 s y s -  

t e m  and t h e  i n t r i n s i c  c u r r e n t  quantum e f f i c i e n c y  4 .  

i n  a d d i t i o n  t o  P as shown i n  FIGURE 6 f o r  LB f i l m s  c o n t a i n i n g  2 as a n  

example. S teady  p h o t o c u r r e n t s  i n  LB f i l m s  c o n t a i n i n g  redox chromo- 

phores  f u r t h e r  depended on t h e  molar  f r a c t i o n  of chromophores. They 

d e c r e a s e d  i n  t h e  o r d e r  of PCUA5 > PCUA25 > PCUA2 > PCUAO i n  LB f i l m s  

c o n t a i n i n g  c a r b a z o l e  d e r i v a t i v e s  as shown i n  FIGURE 6. Meanwhile, 

t h e y  i n c r e a s e d  w i t h  i n c r e a s i n g  t h e  molar f r a c t i o n  of 2 i n  t h e  case of  

LB f i l m s  o f  a l l o x a z i n e  d e r i v a t i v e s .  These r e s u l t s  i n d i c a t e d  t h a t  t h e  
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RESPONSES OF LB FILMS 177 

i n c o r p o r a t i o n  o f  c a r b a z o l e  o r  a l l o x a z i n e  d e r i v a t i v e s  i n t o  LB f i l m s  of 

long-chain f a t t y  a c i d  c o n t r i b u t e d  t o  i n c r e a s e  s t e a d y  p h o t o c u r r e n t s .  

1c 

Y 
E 

a 

2 5  

V 

C 
\ 

C aJ 
3 u 
0 
0 Jz 

I 
I 

c 

a 
0 

I I 

A : :  A 
X A A  X X 

X 

0.2 0.4 0.6 
Bias I V  

FIGURE 6 Steady p h o t o c u r r e n t s  w i t h  v a r i o u s  b i a s  v o l t a g e s  f o r  (0) 
PCUA5, (A) PCUA25, ( X )  PCUA2, and (0) PCUAO LB s y s t e m s  e x c i t e d  a t  525 

nm . 

T r a n s i e n t  p h o t o c u r r e n t s  upon e x c i t a t i o n  of p o r p h y r i n  1 i n  LB f i l m s  

w i t h  a p u l s e d  dye laser showed a f a s t  r i s e  and a s low decay i n  a l l  LB 

f i l m s  c o n t a i n i n g  p o r p h y r i n  1.' p 5 *  l4  No t r a n s i e n t  p h o t o c u r r e n t s  were 

observed  f o r  LB f i l m s  of f a t t y  a c i d  6 or 3 a l o n e .  The dependences of 

t r a n s i e n t  p h o t o c u r r e n t s  on t h e  wavelength of  a dye laser cor responded 

w e l l  w i t h  t h e  a b s o r p t i o n  spec t rum (Q-band) of 1. These r e s u l t s  c lear ly  

i n d i c a t e d  t h a t  observed  t r a n s i e n t  p h o t o c u r r e n t s  were due t o  t h e  move- 

ment of p h o t o c a r r i e r s  g e n e r a t e d  by t h e  e x c i t a t i o n  of p o r p h y r i n  i n  LB 

f i l m s .  The rise was c o n t r o l l e d  by t h e  time r e s o l u t i o n  of  a c u r r e n t  

a m p l i f i e r  ( 4  - 6 p) .  The d e c a y  was f o u n d  t o  depend on t h e  b i a s  

v o l t a g e ,  t h e  n a t u r e  and f r a c t i o n  of  chromophores i n  mixed monolayers  

w i t h  f a t t y  a c i d s  a d j a c e n t  to  p o r p h y r i n  LB f i l m s .  The l o g a r i t h m i c  

p l o t s  of t r a n s i e n t  p h o t o c u r r e n t s  are shown i n  FIGURE 7 f o r  a n  A1P6 
s y s t e m  a t  v a r i o u s  b i a s  v o l t a g e s  t o  A 1  a t  525 nm. T r a n s i e n t  photocur-  

r e n t s  were h a r d l y  d e t e c t e d  a t  b i a s  v o l t a g e  of -0.4 V ,  below which t h e  
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I78 T. NAGAMURA, S. KAMATA, K .  TOYOZAWA AND T. OGAWA 

p o l a r i t y  of  t r a n s i e n t  p h o t o c u r r e n t s  r e v e r s e d .  The e f f e c t s  of  b i a s  

v o l t a g e s  on t h e  p o l a r i t y  and v a l u e s  o f  t r a n s i e n t  p h o t o c u r r e n t s  cor 

5 

0 

0 0-25 0-5 0.75 1 
-5 

Time /ms 

FIGURE 7 Logar i thmic  p l o t s  of t r a n s i e n t  p h o t o c u r r e n t s  f o r  a n  Alp6 s y s -  

t e m  a t  b i a s  v o l t a g e  t o  A l :  ( a )  +0.80, ( b )  +0.20, ( c )  -0.40, and ( d )  

-1.20 v. 

responded w e l l  w i t h  t h o s e  o f  s t e a d y  p h o t o c u r r e n t s  mentioned above. It 

was due t o  t h e  d i f f e r e n c e  of work f u n c t i o n s  o f  A 1  (4.26 eV) and IT0.23 
S i m i l a r  l o g a r i t h m i c  p l o t s  are shown i n  FIGURE 8 f o r  s h o r t  c i r c u i t  

p h o t o c u r r e n t s  i n  (a) PD100, ( b )  PD17, and ( c )  PDO sys tems,  a l l  of 

which showed t h e  e x p o n e n t i a l  decay.  The decay became s l o w e r  by i n c o r -  

p o r a t i n g  a l l o x a z i n e  d e r i v a t i v e s  2 i n  cadmium a r a c h i d a t e  m a t r i x .  I n  a 

PDlOO s y s t e m  which c o n t a i n e d  two monolayers  of  pure  2, t h e  decay was 
markedly r e t a r d e d .  With i n c r e a s i n g  b i a s  v o l t a g e s ,  t h e  decay became 

5 s lower  and t h e  e x t e n t  of changes depended on t h e  molar f r a c t i o n  of 2. 
T r a n s i e n t  p h o t o c u r r e n t s  d e c a y e d  e x p o n e n t i a l l y  i n  a l l  LB s y s t e m s  

s t u d i e d .  The l i f e t i m e  d e f i n e d  as t h e  s l o p e  of l o g a r i t h m i c  p l o t s  of 

t r a n s i e n t  p h o t o c u r r e n t s  v s .  time depended on t h e  molar f r a c t i o n  of 2 
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RESPONSES OF LB FILMS 179 

and b i a s  v o l t a g e .  The l i f e t i m e  g r a d u a l l y  i n c r e a s e d  w i t h  i n c r e a s i n g  
b i a s  v o l t a g e s  i n  a l l  s y s t e m s .  1,5'14 The l i f e t i m e  a t  t h e  same b i a s  

Time / ms 

FIGURE 8 Logar i thmic  p l o t s  of s h o r t  c i r c u i t  t r a n s i e n t  p h o t o c u r r e n t s  

f o r  (a) PD100, (b)  PD17, and  ( c )  PDO sys tems e x c i t e d  a t  525 nm. 

v o l t a g e  f o r  LB f i l m s  c o n t a i n i n g  2 d e c r e a s e d  i n  t h e  o r d e r  of  PCUA5 > 
PCUA25 > PCUA2pPCUAO. 

The a p p a r e n t  lifetime of t h e  t r a n s i e n t  p h o t o c u r r e n t s  i n c r e a s e d  

w i t h  b i a s  v o l t a g e s  i n  a l l  s y s t e m s  s t u d i e d .  The e x t e n t  of  t h e  i n c r e a s e  

was much smaller i n  a PDlOO s y s t e m  as compared w i t h  o t h e r  s y s t e m s .  A s  

p o i n t e d  o u t  p r e v i o u s l y  , t h e s e  r e s u l t s  c a n n o t  be e x p l a i n e d  by a s i m p l e  

t u n n e l i n g  mechanism i n  which no decay of carries are assumed b e f o r e  

r e a c h i n g  e l e c t r o d e s ,  b u t  s t r o n g l y  s u g g e s t  t h a t  most p h o t o c a r r i e r s  are 

d i s a p p e a r e d  o r  are t r a p p e d  on t h e  way o f  t r a n s f e r  p r o c e s s e s .  A s  l o n g  

as  t h e  r e l a x a t i o n  time r e q u i r e d  f o r  t u n n e l i n g  conduct ion  which was es- 

t i m a t e d  t o  be 1 - 10 m s  f o r  a r a c h i d a t e  monolayers  o r  t h e i r  equiva-  

is l o n g e r  t h a n  t h e  " l i f e t i m e "  of  t h e  p h o t o c a r r i e r s ,  d e t e r -  

mined by v a r i o u s  decay  p r o c e s s e s ,  t h e  a p p a r e n t  lifetime observed  w i l l  

i n c r e a s e  as t h e  p r o b a b i l i t y  of c a p t u r e  of p h o t o c a r r i e r s  d e c r e a s e s .  

The i n c r e a s e  o f  l i f e t i m e  w i t h  b i a s  v o l t a g e s  c a n  be e x p l a i n e d  q u a l i t a -  

1 
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180 T. NAGAMURA, S. KAMATA, K. TOYOZAWA AND T. OGAWA 

t i v e l y  by assuming t h a t  t h e  i n c r e a s e d  v e l o c i t y  of p h o t o c a r r i e r s  a t  

h i g h  b i a s  v o l t a g e  d e c r e a s e d  t h e  p r o b a b i l i t y  of  c a p t u r e  of t h e  photo- 

carriers by recombina t ion  s i tes  or " t raps" . '  It h a s  been shown t h a t  

s u c h  decay of p h o t o c a r r i e r s  observed  by t r a n s i e n t  p h o t o c u r r e n t s  a l s o  

c o n t r o l s  t h e  s t e a d y  p h o t o c u r r e n t s ,  which  are namely  shown t o  be  

d i r e c t l y  p r o p o r t i o n a l  t o  t h e  l i f e t i m e  of  t r a n s i e n t  p h o t o c u r r e n t s  i f  
t h e y  decay e x p o n e n t i a l l y .  1 

The i n c o r p o r a t i o n  of  2 o r  2 having  redox chromophores such  as al- 

l o x a z i n e  o r  c a r b a z o l y l  groups  i n t o  LB f i l m s  composed of  a r a c h i d i c  a c i d  

- 4 o r  p a l m i t i c  a c i d  3 i n c r e a s e d  t h e  l i f e t i m e  o f  p h o t o c a r r i e r s  as shown 

i n  FIGURE 8 f o r  2. T h e s e  r e s u l t s  c o n t r i b u t e d  t o  i n c r e a s e  s t e a d y  

p h o t o c u r r e n t s  i n  LB f i l m s  c o n t a i n i n g  2 o r  3 as mentioned above.  The 

t h i c k n e s s  of  2. o r  2 i n  LB f i l m s  was presumed t o  be almost e q u a l  t o  

t h a t  of  4 or 2, from X-ray d i f f r a c t i o n s ' *  o r  t h e  CPK 

m o l e c u l a r  packing model. T h e r e f o r e ,  i t  can  be concluded t h a t  redox 

chromophores are e f f e c t i v e  t o  r e t a r d  t h e  decay of  p h o t o c a r r i e r s  i n  LB 

f i l m s  composed of s a t u r a t e d  hydrocarbons d u r i n g  t h e i r  t r a n s f e r  pro- 

cesses presumably by superexchange  i n t e r a c t i o n s ,  which are c o n s i d e r e d  

t o  be e f f e c t i v e  i n  long  d i s t a n c e  e l e c t r o n  ( h o l e )  t r a n s f e r  i n  r i g i d  

m a t r i x  o r  i n  b i o l o g i c a l  s y s t e m s .  26-29 T h i s  i d e a  was based on wave 

f u n c t i o n  p r o p a g a t i o n  v i a  neares t -ne ighbor  exchange i n t e r a c t i o n s  and 

was a p p l i e d  t o  t h e  t h r o u g h  bond e l e c t r o n  t r a n s f e r .  A r o m a t i c  

chromophores having  - e l e c t r o n s  have been r e p o r t e d  t o  f a c i l i t a t e  t h e  

e l e c t r o n  t r a n s f e r  r e a c t i o n  by a superexchange  mechanism between d o n o r s  

and a c c e p t o r s  l i n k e d  by them as a br idge.30 Redox chromophores i n  LB 

f i l m s  are e x p e c t e d  t o  make t h e  t r a n s f e r  of  p h o t o c a r r i e r s  easier by 

through-bond e l e c t r o n i c  exchange i n t e r a c t i o n s  and t o  form much less 

"deep" t r a p s  as would be e x p e c t e d  i n  long-chain f a t t y  a c i d  monolayers .  

r e s p e c t i v e l y ,  

I n  t h e  case of LB f i l m s  c o n t a i n i n g  c a r b a z o l y l  chromophores ,  bo th  

s t e a d y  p h o t o c u r r e n t s  a n d  t h e  l i f e t i m e  o f  t r a n s i e n t  p h o t o c u r r e n t s  

d e c r e a s e d  i n  a PCUA25 sys tem as compared w i t h  a PCUAS s y s t e m .  It can  

be e x p l a i n e d  as f o l l o w s .  l 4  From the energy  t r a n s f e r  exper iments  it 

was found t h a t  t h e  e x t e n t  of  a g g r e g a t i o n  of  c a r b a z o l y l  chromophores i n  

mixed LB f i l m s  o f  3 w i t h  long-chain f a t t y  a c i d s  markedly depended on 

t h e  molar  f r a c t i o n  of  2.8 Chromophores o f  2 were almost homogeneously 

d i s p e r s e d  i n  LB f i l m s  i f  t h e i r  f r a c t i o n  was less t h a n  a b o u t  5%. Above 

t h a t  v a l u e  molecules  3 became s e g r e g a t e d  i n  a m a t r i x  of  f a t t y  a c i d s ,  
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RESPONSES OF LB HLMS 181 

t h e  e x t e n t  of which r a p i d l y  i n c r e a s e d  w i t h  t h e  molar f r a c t i o n  of  2. 
The excimer e m i s s i o n  was observed  i n  LB f i l m s  w i t h  h i g h e r  molar f r a c -  

t i o n  of  z.8 The exc imer  s i tes  i n  poly(N-vinylcarbazole)  are known t o  

work as t r a p s  of  s i n g l e t  e x c i t o n s  and p h o t o c a r r i e r s .  The p r o b a b i l i t y  

of p h o t o c a r r i e r s  t o  be t r a p p e d  a t  such  excimer sites w i l l  be much 

h i g h e r  i n  LB f i l m s  w i t h  h i g h e r  molar f r a c t i o n  o f  2 s i n c e  t h e  e x t e n t  of 
a g g r e g a t i o n  of c a r b a z o l y l  chromophores became c o n s i d e r a b l y  l a r g e r .  8 

No excimer w a s  observed  i n  LB f i l m s  of a l l o x a z i n e  d e r i v a t i v e  2, t h e  

c h r o m o p h o r e s  o f  w h i c h  were a r r a n g e d  i n  LB f i l m s  a s  p a r t s  of 

h y d r o p h i l i c  groups .  These r e s u l t s  most probably  c o n t r i b u t e d  t h e  

l o n g e s t  l i f e t i m e  and much smaller change of t h e  lifetime w i t h  b i a s  

v o l t a g e  i n  t h e  PDlOO s y s t e m  c o n t a i n i n g  100% a l l o x a z i n e  d e r i v a t i v e s .  

CONCLUSION 
From t r a n s i e n t  and s t e a d y  p h o t o e l e c t r i c  r e s p o n s e s  of LB f i l m s  composed 

o f  p o r p h y r i n  monolayers  and a d j a c e n t  monolayers  o f  c a r b a z o l e  or a l l o x a -  

z i n e  d e r i v a t i v e s ,  i t  w a s  i n d i c a t e d  t h a t  redox chromophores e f f e c t i v e l y  

i n c r e a s e d  p h o t o c u r r e n t s  i n  LB f i l m s  by d e c r e a s i n g  t h e  decay p r o c e s s e s  

of  p h o t o c a r r i e r s  g e n e r a t e d  from t h e  e x c i t e d  p o r p h y r i n .  
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