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ABSTRACT 

The aggregation of the cyanine dye, 3,3’-disulfobutyl-5,5’-dichloro thiacarbocyanine triethylamine, 

(NK-3796) in aqueous solution was investigated using absorption and emission spectroscopy.  

The equilibrium, n(monomer) ⇆ n(dimer) ⇆ (H-aggregate)n , was observed over a series of dye 

concentrations ranging from 10
-4

 mM to 0.1mM.  At concentrations <10
-3

 mM, the dye exists in 

solution mostly in the monomeric form.  However, dimers become more significant when the 

concentration of the dye exceeds 10
-2

 mM.  Unlike the substituted dye in the 9th position, the NK-

3796 dye tends to form H-aggregates at higher concentration (>10
-1

 mM).  Monomers and dimers 

exhibit strong emission in the visible region.  Also notable, is that the emission from the H-

aggregates was very weak due to self quenching. 

 

I. INTRODUCTION 

 

 Aggregates generated by self 

assembly have captured the attention of 

scientists for their unique and unusual 

spectroscopic properties [1-5].  Cyanine 

dyes, in particular, are known for their 

distinctive ability to form several types of 

aggregates, mainly H-aggregates and J-

Aggregates (Scheme 1), on solid supporting 

surfaces and in solutions [6-9]. Aggregate 

formation is accompanied by dramatic 

changes in both absorbance and 

fluorescence of the dyes.  In the case of H-

aggregates, a broad blue shift absorbance is 

observed, while the J-aggregates are 

distinguished by a narrow, red shift 

absorbance band, relative to the monomeric 

dye, in the visible region.  

  

 
(a)  J-aggregate 

 

 
(b)  H-aggregate   
     
Scheme 1. Schematic illustrations of the 
aggregates. 
 
 

J-aggregates are useful in 

photography, optical device technology, and 

as spectral sensitizers.  Recently, several 

reports describing the formation of J-

aggregates of cyanine dyes for different 

applications have been published [9-12]. 

This work reports the effect of concentration 

of the cyanine dye, 3,3’-disulfobutyl-5,5’-

dichloro thiacarbocyanine triethylamine,
*  Corresponding author 
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(NK-3796) illustrated in Figure 1, on the 

molecular aggregation in aqueous solutions 

and compares the results with a similar dye 

that could behave in a parallel way. 

 

 

 

 

 

 

 

 

 

Figure 1.  Molecular Structure of NK-3796 

 

 

II. EXPERIMENTAL SECTION 

 

The following aqueous solutions, 

9.05 x 10
-7

 M, 9.05 x 10
-6

 M, 9.05 x 10
-5

 M, 

and 9.05 x 10
-4

 M, of the dye were freshly 

prepared by diluting a stock solution (9.05 

x10
-4

 M) at room temperature before being 

used.  High purity de-ionized water of 

measured pH = 7 was used to prepare all 

the solutions. No buffer solutions were used 

in any of the experiments. The absorbance 

of the dye in the solutions was recorded 

using an HP Agilent UV-Vis 

spectrophotometer.  Then the emission was 

recorded using Photon Technology Inc. 

(PTI) fluorometer. 

 

III. RESULTS AND DISCUSSION 

 

 Figure 2 illustrates the absorbance 

of the cyanine dye, NK-3796, in solution at 

different concentrations ranging from 9.05 x 

10
-4

 M to 9.05 x 10
-7

 M.   Clearly, the 

molecular distribution of the dye in solution 

is dependent on its concentration.  At 

concentration <10
-6

 M, the dye existed in 

solution mainly in the monomeric form.  

Dimer became more significant when the 

concentration of the dye exceeds 10
-5

 M.  

This claim is supported by the increase in 

the intensity of the shoulder peak at 520 nm 

as the concentration increases to 9.05 x 10
-6

 

M (Figure 2).  Unlike the substituted dye in 

the 9th position (meso-methyl and meso-

ethyl thiacarbocyanine) [4,5], the NK-3796 

dye tends to form H-aggregate at higher 

concentration (>10
-4

 M) as indicated by the 

broad blue shift absorbance in Figure 2.  As 

the concentration of the dye reaches 9.05 x 

10
-5

 M, the dimeric peak (520 nm) starts to 

get broader.  At 9.05 x 10
-4

 M, the 

broadness of the peak transforms into a well 

developed blue shifted peak which is typical 

of H-aggregate.  Of the dyes we tested, the 

absence of any red shifted narrow bands 

suggests no J-aggregates were formed in 

any of the solutions tested including the 

solution of higher concentration.  Due to 

limited solubility of the dye, we were only 

able to prepare concentrations as high as 

0.1mM.   

Clearly, the effect of meso-

substituent (substituent in the 9 position on 

the dye) has a direct effect on the self 

assembling of the dye [14,15].  While a 

meso-ethyl thiacarbocyanine dye is known 

to self-assemble into J-aggregate, the 

equivalent meso-methyl dye produces either 

J or H aggregate as a function of dye 

concentration [5].  The unsubstituted dye, 

NK-3796, however, is not capable of self 

assemble into J-aggregate even at high 

concentration.  We attribute this to the steric 

effect that is caused by the alky group on 

the 9th position of the dye. The consistency 

in the aggregation behavior of the three 

dyes (unsubstituted, meso-methyl, and 

meso-ethyl thiacarbocyanine) where H, H 

and J, and only J aggregate are possible 

respectively fits the steric effect argument 

perfectly. 

The emission of the dye was also 

recorded using different concentrations 

(Figure 3).  In each case the emission is 

typical of that of monomers and dimers.  The 

emission recorded for 9.05x10
-7

 M (blue) 

and 9.05x10
-6

 M (red) solutions suggest that 

monomers are the dominant species in 

solution at concentrations less than 10
-5

 M.  

However, the emission recorded for 

9.05x10
-5

 M (green) solution is very 

interesting.     Its broad red-shifted emission  
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Figure 2.  Normalized absorbance of NK-3796, 9.05x10

-7 
M (blue), 9.05x10

-6 
M (red), 9.05x10

-5 
M 

(green), 9.05x10
-4 

M (black).  Note that the absorbance was recorded using quartz cells with an 
optical path length of 0.1 mm for 9.05x10

-4 
M, 0.2 mm for 9.05x10

-5 
M, and 10mm for the rest of 

solutions. 
 

 
 
Figure 3.  Normalized emission of NK-3796, 9.05x10

-7 
M (blue), 9.05x10

-6 
M (red), 9.05x10

-5 
M 

(green), 9.05x10
-4 

M (black), ex = 450 nm 
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suggests the formation of dimer ⇆ H-

aggregate equilibrium.  The variation in the 

intensity of the emission peaks recorded for 

9.05x10
-7

 M (blue) and 9.05x10
-6

 M (red) 

solutions is due to a concentration effect.  

However, the lower intensity of the peak 

recorded for 9.05x10
-5

 M (green) solution is 

attributed to some self quenching of the H-

aggregate as it is also the case when 

9.05x10
-4

 M (black) solution is used. 

 

IV. CONCLUSION 

 

NK-3796 forms different types of 

aggregates in solution which depend on the 

dye concentration.  In dilute solution, the dye 

exists in the monomeric form.  As the 

concentration increases, the dye tends to 

form dimers then H-aggregate.  Unlike the 

substituted dye in the 9th position, NK-3796 

seems to favor the formation of H-aggregate 

and not the J-aggregate at higher 

concentration.  The fluorescence of the H-

aggregate is very weak compared to that of 

the monomers and this is due to self 

quenching.  
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