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In a cyanine dye LB film, the J-aggregates of the dye molecules form domain structure. The 
shape and size of this structure are largely influenced by the conditions of film fabrication. 
We made a through investigation about the effects of counter anions of the dye molecules and 
ions as additives in the subphase on the domain structure in dye monolayers at the aidwater 
interfaces and in LB films by using a fluorescence microscope. We found the conditions 
under which we can promote or prevent the growth of the domains, and discussed the influ- 
ence of anions on n-A isotherm. 

Keywords: cyanine dyes; domain structure; fluorescence microscopy; monolayer; J aggre- 
gates 

INTRODUCTION 

It is well known that cyanine dyes form J aggregates which have been attracting 
widespread attention in terms of their applicability to nonlinear optical devices“’ and 
photo-electro conversion devices, etc.[*l. The application to those devices requires us 
to incorporate the aggregates into thin solid films. The LB method is suitable for this 
incorporation. In the course of the application of this method prior to the transfer of a 
cyanine-monolayer containing J aggregates, the aggregates tend to organize 
themselves into crystalline domains at the aidwater interface onto a substrate[”.‘41. 
This process largely influences the morphology of the J aggregates with the scale of 
micrometer which is directly related to their optical function on a mesoscopic scale 
and plays a critical role in their application. Therefore, the control of the J aggregate- 
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morphology at the aidwater interface is crucial. We found that the variation in the 
morphology is introduced by such parameters as spreading solvents, counter ions, ions 
contained in the subphase water. As a first step to realize how to control the 
morphology. we have closely studied the influence of counter ions on it  by means of 
x-A isotherm measurement and fluorescence microscopy. 

EXPERIMENTAL 

Cyanine dyes used in this experiment are S120 series that differ only in counter anions 
(Fig. I). By adding NaCI04, NaF, KCI, KBr or Kl to subphase, the sort and 
concentrations of ions (anions) in the subphase were varied. CHIBr2 was used as 
spreading solvent. Langmuir trough mounted with a fluorescence microscope was used 
for measuring x-A isotherms and observing dye monolayers at the aidwater interface. 

CiiHir CHx 

FIGURE. I .  Chemical structure of S 120 cyanine dye. X- = CIOJ', Bror r. 

RESULTS AND DISCUSSION 

We found that the shaDe of the isotherm of S120 changed markedlv with the 
varying combinations &the counter and subphase anions :Figs. 2). and classified 
the isotherms measured into two types, "low surface pressure type"(L type) and 
(a) S I 2O-CIO4' (b) S 120-Bi (c) s 120-1' . .  

IOO,...~ 
. .  
I oo,-, 

FIGURES 2. x-A isotherms of S120 monolayers measured in various 
combination of dye counter anions and anions in the subphase. 

"high surface pressure type"(H type). While the monolayers of L type formed J 
aggregate domains even at the large molecule area of 100 A-/dye molecule or 
above (Figs. 3). the monolayers of H type formed domains when the monolayers 
were compressed to molecule area of 50 A7dye molecule or below (Figs. 4). The 
marked difference in the molecule area dependence of the surface pressures 
between the two types was considered to arise from the extent of the dissociation 
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(3) (1) 
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FIGURES 3. n-A isotherm and fluorescence micrographs o f  an L type monolayer. 

(1) ( 2 )  (3) 

iLl/,A'i!L"l'$" lOOum 

FIGURES 4. r -A isotherm and fluorescence micrographs of an H type monolayer. 
(See Color Plate I at the back of this issue) 

of the bond betwccn the chromophore cation and countcr anion of the cyanine 
dye. In the H type monolayer where the bond i s  largely dissociated, strong 
repulsive force works among the positively charged dye molecules and the high 
surface pressure would be generated at the large molecule area. In  case of the 
strong repulsive force working among the dye molecules, the monolayer is  
compressed. the molecule area comes to be small and then the J aggregate 
domains would be formed. While in case of undissociated monolayers. only 
attractive forcc works. This would lead to the formation of the J aggregate 
domains at the large molecule area. 

The high surfhce pressures observed at the large nioleculc area in the H type monolayers 
was explained quantitatively using Gouy-Chapinan theory b a d  on the assumption that 
the chromophore dye cations make a uniform surface laycr with an elecmc double layer 
of the ions in the subphase. The electrostatic contribution (GI) to the surface pressure (10 
is given by a rclation,n,f = 6:" a,&, where ly is potential from the air/water interface to 

the bulk, I#,) and are potential and charge density at the air/water interfitce. Defining .v 

as distance from the interface to thc bulk, we have a relation. 00 = from 
4n dr (d, 
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from GouyChapman theory. It was found that Stem layer has to be taken into account 
to explain the n-A curves measured, especially at the large molecule mas, using this 
theoretical treatment. Defining r as radius of the hydnted anions. a contribution (&I) to 

the surface pressure from Stem layer is derived Anel = 2 r  . F rom the above. 

= An,, +n,, =-,+ 4naf I ~ ' T ' C O  cash a-I , In figs. 5 are shown the H-A curves 

calculated based on the above equation and the experimental curves for F, CI. or Br-. 
The calculated curves indicate that the surface pressure decrease with increase of radius 
of hydrated anions. From comparing between the calculated and experimental curves, it 
is found that these curves have the same tendency in the order and also in the values, at 
the large molecule areas. 

4na' 

E c[ 2k,T ] 

(a) Calculated curves 

20 

O ~~ed(n?!~ole,ul,bP O A?e,n!/4,0,Iecul~P 8n 

FIGURES 5 .  Calculated curves and experimental curves of H type H-A isotherms 

CONCLUSION 

Anions in the subphase change strikingly K-A isotherm of cyanine dye 
monolayers at the aidwater interface and also the structures of J aggregate 
domain. These changes were considered to  arise from the dissociation of the dye 
molecules and their interactions with the anions in the subphase. 
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