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ORIENTATION CONTROL AND PHOTOPHYSICAL BEHAVIORS I N  LB FILMS 
OF LONG-CHAIN DERIVATIVE OF AMINO A C I D  CONTAINING AROMATIC 
R I N G  

Hiroo  NAKAHARA, Hideyuki  ENDO, K i y o s h i g e  FUKUDA, 
Tomiki IKEDA* and Masahiko SISIDO* 

F a c u l t y  o f  S c i e n c e ,  Sa i tama U n i v e r s i t y ,  U r a w a ,  3 3 8 ,  
*Tokyo I n s t i t u t e  o f  Technology,  Nagatsuda Midori-ku,  Yokohama, 227. 

A b s t r a c t  Using a long-cha in  d e r i v a t i v e  of  amino a c i d  c o n t a i n i n g  
n a p h t h a l e n e ,  t h e  a r r a n g e m e n t  o f  t h e  chromophore i n  t h e  LB f i l m s  
h a s  been  examined by c i r c u l a r  d i c h r o i s m  (CD) t o g e t h e r  w i t h  UV 
a b s o r p t i o n  and f l u o r e s c e n c e  s p e c t r o s c o p i e s .  The monolayer  o f  
N-stearoyl-L-lysyl-L-1-naphthylalanine m e t h y l e s t e r  e x h i b i t s  a 
t r a n s i t i o n  from expanded t o  condensed s t a t e s .  F o r  t h e  LB f i l m s  
p r e p a r e d  a t  t h e  s u r f a c e  p r e s s u r e s  below and above  t h e  t r a n s i t i o n ,  
p o l a r i z e d  U V  s p e c t r a  s u g g e s t  d i f f e r e n t  o r i e n t a t i o n s  o f  t h e  chro-  
niophore and a l s o  the  CD s p e c t r a  v a r y  s i g n i f i c a n t l y  of  t y p e s  and 
magni tude  o f  a C o t t o n  e f f e c t .  These  r e s u l t s  were r e f l e c t e d  i n  
t h e  f l u o r e s c e n c e  decay  c u r v e s  f o r  t h e  LB f i l m s .  

INTRODUCTION 

It is  c u r r e n t  t o p i c s  i n  f r o n t i e r  science and t e c h n o l o g y  t o  i n v e s t i g a t e  

on p h y s i c a l  a n d  chemica l  b e h a v i o r s  of m o l e c u l a r  a s s e m b l i e s  w i t h  well- 

d e f i n e d  o r i e n t a t i o n  and p a c k i n g  of f u n c t i o n a l  g r o u p s .  

assemblying  t e c h n i q u e s  h a v e  been  w i d e l y  e x t e n d e d  t o  c o n s t r u c t  s u p r a -  

m o l e c u l a r  s y s t e m s  f o r  i n f o r m a t i o n - p r o c e s s i n g  and b i o m o l e c u l a r  

e l e c t r o n i c  d e v i c e s  .’ 
p h o r e s  were produced  depending  on t h e  number and p o s i t i o n  of  long-  

a l k y l  s u b s t i t u e n t s ”  

c h a i n  dyes  were formed i n  t h e  mixed monolayers  w i t h  v a r i o u s  matrices. 

And f u r t h e r ,  e f f e c t s  of t h e  o r i e n t a t i o n  and a g g r e g a t i o n  o f  chromopliores 

on e n e r g y  t r a n s f e r  i n  monolayer  s y s t e m s  w e r e  

w e  have  r e p o r t e d  t h a t  t h e  p o l y c o n d e n s a t i o n  o f  l o n g - c h a i n  esters o f  

amino a c i d s  p r o c e e d s  e a s i l y  i n  Langmuir-BLodgett (LB) films a t  room 

t e m p e r a t u r e  w i t h o u t  any  i n i t i a t i o n .  In t h i s  p a p e r ,  u s i n g  long-  

c h a i n  d e r i v a t i v e  o f  amino a c i d  c o n t a i n i n g  n a p h t h a l e n e ,  a r r a n g e m e n t s  

o f  t h e  chromophore i n  t h e  LB f i l m s  h a v e  been  examined by c i r c u l a r  

d i c h r o i s m  (CD) t o g e t h e r  w i t h  UV a b s o r p t i o n  and f l u o r e s c e n c e  

s p e c t r o s c o p i e s ,  and t h e s e  r e s u l t s  w e r e  found t o  b e  r e f l e c t e d  i n  

t h e  f l u o r e s c e n c e  decay c u r v e s  f o r  t h e  L B  f i l m s .  

Monolayer  

P r i v i o u s l y ,  v a r i o u s  o r i e n t a t i o n s  of  chromo- 

a n d  also p h o t o - a c t i v e  J - a g g r e g a t e s  of long-  
4 

I n  a d d i t i o n ,  

[701]/ 177 
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178/[702] H. NAKAHARA ET AL. 

EXPERIMENTAL 

[ M a t e r i a l s ]  

N-S t earoyl -L- lysy l -L-1-naphthyla lan ine  m e t h y l e s  ter  used  i n  
a t h i s  work w a s  s y n t h e s i z e d  as p r e v i o u s l y  r e p o r t e d .  

BOC-Lys(Z) + Nap Aka-OMe - Boc-Lys(Z)-NapAla-OMe 

___f Boc-Lys-NapAla-OMe ----+ Boc-Lys(Ci8)-NapAla-OMe 
HZ/Pd CllCOOH /DCC 

I 
(CI-12 14 C Hz 

I I 

I 
[Procedures]  c171-135 

Monolayers  of t h e  l o n g - c h a i n  d e r i v a t i v e  of  amino a c i d  were 

s p r e a d  from c h l o r o f o r m  s o l u t i o n s  on d o u b l e - d i s t i l l e d  water,  and 

s u r f a c e  p r e s s u r e  area ( Z- A) i s o t h e r m s  were measured by a Lauda 

f i l m  b a l a n c e .  UV a b s o r p t i o n  s p e c t r a  of  t h e  monolayers  on water 

were measured by a m u l t i c h a n n e l  p h o t o d e t e c t o r  (Otsuka  E l e c t r o n i c s ,  

MCPD-100) w i t h  r e f e r e n c e  t o  a s p e c t r u m  o b t a i n e d  w i t h o u t  t h e  mono- 

l a y e r .  

M u l t i l a y e r s  of t h e s e  compounds were d e p o s i t e d  o n t o  q u a r t z  o r  

CaF2 p l a t e s ,  p r e c o a t e d  w i t h  a monolayer  o f  f e r r i c  s t ea ra t e ,  u s i n g  

t h e  c o n v e n t i o n a l  LB method and t h e  h o r i z o n t a l  l i f t i n g  method a t  

v a r i o u s  s u r f a c e  p r e s s u r e s .  Mixed monolayers  of t h e  long-cha in  

d e r i v a t i v e  o f  amino a c i d  w i t h  s t ea r i c  a c i d  were a l s o  p r e p a r e d  by 

t h e  LB method. 

P o l a r i z e d  U V  a b s o r p t i o n  s p e c t r a  o f  t h e  m u l t i l a y e r s  were measured 

w i t h  a t i i t a c h i  s p e c t r o p h o t o m e t e r  (model  3 4 0 )  equipped  w i t h  a Glan- 

Thomson p r i s m .  F l u o r e s c e n c e  and p o l a r i z e d  I R  s p e c t r a  of  t h e  m u l t i -  

l a y e r s  were measured w i t h  a H i t a c h i  f l u o r e s c e n c e  s p e c t r o m e t e r  (MPF-3) 

and a JEOL FT-IR s p e c t r o m e t e r  ( J I R - l o o ) ,  r e s p e c t i v e l y .  CD s p e c t r a  

were o b t a i n e d  u s i n g  a J a s c o  J-500A s p e c t r o p o l a r i m e t e r  a t  room 

t e m p e r a t u r e .  

t h e  sample p l a t e s  were r o t a t e d  a b o u t  t h e  p o l a r i z e d  l i g h t  t o  remove 

t h e  i n f l u e n c e  o f  l i n e a r  d i c h r o i s m .  F l u o r e s c e n c e  decay c u r v e s  were 

measured by means of  a p i c o s e c o n d  t i n i e - c o r r e l a t e d  s i n g l e  photon  

c o u n t i n g  s y s t e m  a t  room t e m p e r a t u r e .  

F o r  CD measurements  o f  t h e  m u l t i l a y e r s  and cast  f i l m s ,  D
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LONG-CHAIN DERIVATIVE OF AMINO ACID WiTH NAPHTHALENE [703]/179 

RESULTS AND DISCUSSION 

F igure  1 shows t h e  Z-  A i so therms f o r  t h e  monolayer of t h e  long- 

cha in  d e r i v a t i v e  of amino a c i d  c o n t a i n i n g  naph tha lene ,  t o g e t h e r  w i th  

UV s p e c t r a  of  t h e  monolayer a t  v a r i o u s  s u r f a c e  p r e s s u r e s  ( i n  t h e  

i n s e r t ) .  A phase  t r a n s i t i o n  from expanded to condensed s t a t e s  can 
- L  b e  observed  i n  t h e  i so the rms  a t  a molecular  a r e a  of 60 - 50 A and 

a s u r f a c e  p r e s s u r e  of about  25 mN/m. Taking i n t o  account  t h e  

molecular  dimension 

seems t o  l i e  n e a r l y  f l a t  i n  t h e  expanded r eg ion ,  whereas on compression 

through t h e  t r a n s i t i o n  t h e  chromophore s t a n d s  up v e r t i c a l l y  t o  t h e  

w a t e r  s u r f a c e  i n  t h e  condensed s t a t e .  

l a y e r ,  t h e  absorbance  i n c r e a s e s  wi th  t h e  s u r f a c e  p r e s s u r e ,  a l though  

band s h i f t s  are n o t  observed  wi th  t h e  monolayer compression. 

about  ( 9 . 1  x 7 . 2  x 3 . 6  A ) ,  t h e  naph tha lene  r i n g  

I n  t h e  UV s p e c t r a  of  t h e  mono- 

The p o l a r i z e d  U V  s p e c t r a  a t  4 5 O  i n c i d e n c e  f o r  t h e  LB f i l m s ,  

prepared  a t  40 mN/m f o r  a n  example, a r e  shown i n  F ig .2  as compared 

w i t h  t h e  s o l u t i o n  spectrum. The bands a t  228 n m  and 206 nm which 

can  be a s s igned  t o  t h e  e l e c t r o n i c  t r a n s i t i o n s  a l o n g  t h e  long-axis  

( B ) and t h e  s h o r t - a x i s  ( L ) of naph tha lene ,  r e s p e c t i v e l y ,  are 

s l i g h t l y  s h i f t e d  from t h o s e  of t h e  s o l u t i o n .  A s  i n d i c a t e d  i n  t h e  

i n s e r t  t a b l e ,  t h e  d i c h r o i c  r a t i o s  o f  t h e  'I3 

1 1 
b a 

band w i t h  p- and s- 
b 

Fig.1.  'Z- A i so therms and UV s p e c t r a  f o r  t h e  monolayer of 
H C 1  Ly s ( C  18) -NapAla-OMe . 
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180/(704] H. NAKAHARA ET AL. 

p o l a r i z e d  l i g h t  are a b o u t  0.7 and 1.0 - 1.1 f o r  t h e  f i l m s  p r e p a r e d  

a t  t h e  s u r f a c e  p r e s s u r e s  below and above  t h e  p h a s e  t r a n s i t i o n ,  

r e s p e c t i v e l y .  T h i s  r e s u l t  r e f l e c t s  t h a t  t h e  chromophore i s  o r i e n t e d  

w i t h  t h e  l o n g - a x i s  p a r a l l e l  t o  t h e  s u r f a c e  a t  t h e  lower  p r e s s u r e s ,  

and i t  becomes p e r p e n d i c u l a r  t o  t h e  s u r f a c e  w i t h  i n c r e a s i n g  t h e  

s u r f a c e  p r e s s u r e ,  as p r e d i c t e d  from t h e  7Z- A i s o t h e r m s .  

'Bb 
1 .  

mN/m A r  / As 

0.65 

I 'Bb 

.. : 
200 24 0 2811 320 

Fig .2 .  P o l a r i z e d  UV s p e c t r a  of  
W a v e l e n g t h  (nm) 

7 0  

48 
0) 
W 
L 
rn 
W m 
5 26 
E - 
4 
X 4 4  
v 

-8- 
Q 

-18 

-4 ( 
' 

F i a . 3 .  CD s u e c t r a b f  t h e  LB f i l m s  - 
t h e  LB f i l m  and t h e  d i c h r o i c  p r e p a r e d  a t  d i f f e r e n t  s u r f a c e  
r a t i o  a t  d i f f e r e n t  d e p o s i t i o n  p r e s s u r e s .  
p r e s s u r e s .  

F i g u r e  3 shows t h e  CD s p e c t r a  o f  t h e  Y-type LB f i l m s  w i t h  a head- 

to-head s t r u c t u r e ,  p r e p a r e d  a t  v a r i o u s  s u r f a c e  p r e s s u r e s ,  i n  which 

a C o t t o n  e f f e c t  due t o  d i p o l e - d i p o l e  i n t e r a c t i o n s  depends s i g n i f i c a n t l y  

on t h e  d e p o s i t i o n  p r e s s u r e .  

C o t t o n  e f f e c t s  a s s o c i a t e d  w i t h  t h e  amide band a n d  t h e  B band of 

n a p h t h a l e n e  are observed:  i n  t h e  f i l m  p r e p a r e d  a t  20 mN/m a weak s p l i t  

C o t t o n  e f f e c t  is  o b t a i n e d .  I n  t h e  f i l m s  p r e p a r e d  a t  30 and 40 mN/m, 

s t r o n g  s p l i t  C o t t o n  e f f e c t s  a s s o c i a t e d  w i t h  t h e  'B 

T h i s  i n d i c a t e s  t h a t  t h e  m o l e c u l a r  a r rangement  a t  t h e  h i g h e r  p r e s s u r e s  

d i f f e r s  f rom t h a t  a t  t h e  l o w e r  p r e s s u r e s ,  and c l o s e - p a c k i n g  of t h e  

chromophores w i t h  s t r o n g  i n t e r a c t i o n s  c a n  b e  produced  i n  t h e  condensed 

r e g i o n .  

I n  t h e  LB f i l m  p r e p a r e d  a t  10 mN/m, weak 
1 

b 

band are observed .  
b 

And f u r t h e r ,  as shown i n  Fig.4-a  t h e  X-type m u l t i l a y e r  w i t h  a head- 

t o - t a i l  s t r u c t u r e ,  p r e p a r e d  by t h e  h o r i z o n t a l  l i f t i n g  method a t  30 mN/m, 
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LONG-CHAIN DERIVATIVE OF AMINO ACID WITH NAPHTHALENE [705]/181 

P I I 

I 
200 220 240 260 

Wavelength (nm) 

Mixed f ilrn 
,L , \u/ 

Fig.4.  E f f e c t s  of d e p o s i t i o n  types  ( a )  and mix tu res  (b) on CD s p e c t r a  

shows a weaker Cot ton  e f f e c t  wi thout  s p l i t t i n g  i n  comparison wi th  t h e  

Y-type f i l m  d e s p i t e  of t h e  similar UV s p e c t r a .  It i s  cons ide red  t h a t  

t h e  Cotton e f f e c t  i n  t h e  Y-type f i l m s  can  be  a s c r i b e d  t o  t h e  s t r o n g  

i n t e r l a y e r  i n t e r a c t i o n  of t h e  7C-electron system i n  a d d i t i o n  t o  t h e  

i n t r a l a y e r  i n t e r a c t i o n .  In t h e  mixed Y-type LB f i l m s  wi th  s t e a r i c  

a c i d ,  p repared  a t  20 mN/m, t h e  Cotton e f f e c t  i s  weakened except  f o r  

t h e  mixing r a t i o  of 1:1, a s  shown i n  Fig.4-b. By mixing wi th  s t e a r i c  

a c i d  t h e  chromophores a r e  s e p a r a t e d  each o t h e r ,  b u t  t h e  equimolar 

mix tu re  seems t o  induce  t h e  chromophores t o  be  condensed by i n t e r a c t i o n  

of t h e  long  hydrocarbon cha ins .  

of t h e  LB f i l m s .  

The r e s u l t s  o f  t h e  p o l a r i z e d  I R  s p e c t r a  i n d i c a t e d  t h a t  t h e  long  

hydrocarbon c h a i n s  were o r i e n t e d  n e a r l y  pe rpend icu la r  t o  t h e  f i l m  

p lane .  Consequently,  i t  h a s  been found t h a t  t h e  o r i e n t a t i o n  and 

packing of t h e  chrornophore can be c o n t r o l l e d  i n  t h e  LB f i l m s  by i n t r o -  

ducing a long  a l k y l  c h a i n  i n t o  l y s y l  napl i thy la lan ine .  For an  example, 

t h e  molecular  arrangement i n  t h e  f i l m s  prepared  a t  t h e  h i g h e r  p r e s s u r e s  

i s  shown schemat i ca l ly  i n  Fig.5.  

F igu re  6 shows t h e  f l u o r e s c e n c e  decay cu rves  observed a t  335 nm 
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182/[706] H. NAKAHARA ET AL. 

for the LB films prepared at various surface pressures. 
prepared at the higher pressures the lifetimes are obtained to be about 
600 and 3500 ps. 
added to the above for the films at the lower pressures. 

In tlie filiiis 

The more rapid component of 120 ps i s  found to be 

The different 

arrangements of the chromophore have been well reflected in 

induced relaxation process for the layered systems. 

Fig.5. Molecular orientation of 

tlie photo- 

Lys(c  18 )-NapA1a-oMe ir2 LD 
films . F i g .  6 ;  'Fluorescence decay curves 

of the LU films prepared at 
different surface pressures. 
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