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ABSTRACT 

In this article a detail investigations have been made to study the formation of multilayer uniform growth of 

fluorescent xanthene dye with protein, bovine serum albumin using layer by layer self-assembled technique. 

Adsorption kinetics was fitted by the Johnson–Mehl–Avrami equation which analyses column J aggregates. 
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INTRODUCTION 
Rose Bengal belong xanthenes group and is strong fluorescent dye. For its outstanding photodynamic 

properties it is used as an efficient laser layer1. This dye is commonly used in the eye drops to stain 

damaged conjunctival and corneal cells and thereby identify damage to the eye. Rose Bengal is one of the 

compounds most frequently employed as sensitizers for the generation of singlet oxygen2, which is 

known to produce oxidative damage to proteins and enzymes3.  
Bovine serum albumin is a most abundant plasma protein in mammals which plays a major role in the 

transport and deposition of many drugs in the blood. Bovine serum albumin (BSA) was chosen because it 

is the most abundant protein in blood plasma, and works like a transport protein for several substances 

(dyes and bioactive molecules)4. The BSA has been focus of several studies for their properties, such as 

pH-dependent binding5 and interactions with phospholipids6.  

Layer by layer self-assembled technique is an effective and experimentally convenient method for the 

fabrication of ultra-thin films of water soluble molecules on to solid substrate7. A few fascinating features 

of this technology are, ease of fabrication, environmental friendliness and conformability. 

Biocompatibility is the most prominent advantage of the LbL assembly process because this technique 

requires mild conditions for film construction. Most proteins, especially those soluble in water, have 

charged sites on their surface, and so the electrostatic LbL adsorption is useful for the construction of 

various protein organizations. Dyes and other bioactive molecules bind to albumin and consequently play 

an important role in investigations of dye–protein interactions8-10.  

We are interested in the capacity to build and control the interactions between biomolecules. In order to 

investigate these interactions, we need to prepare films with controlled thickness and organization at the 

molecular level. The overall understanding of adsorption process in LbL film fabrication is the main 

success for the development of films with optimized properties for optoelectronics and photonics11, 

sensing application12, and drug delivery13.  

Although there are many works on Rose Bengal but we are unaware of any report on the preparation and 

study of LbL films from Rose Bengal dye and protein. 

In this work we prepared Layer-by-Layer (LbL) films in order to investigate the interactions of Rose 

Bengal and proteins. In order to investigate the growth process, we analyzed the film fabrication 

adsorption kinetics by using UV-Vis spectroscopy.  
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EXPERIMENTAL  
Rose Bengal and BSA (fraction V, purity 96-100%) from Sigma Aldrich were used as received. The 

experimental film fabrication processes are essentially the same as those described by Decher14. To build 

the multilayers, RB was alternated with 0.5 g/L BSA diluted in ultrapure water. The pH of the BSA 

solution was adjusted to 5 (close to its isoelectric point) by adding appropriate amounts of ammonium 

hydroxide. The final BSA solution was completely clear. The rinsing solution was ultrapure water with 

pH adjusted to 5. The RB solution was prepared to concentration of 0.5 g/L by dissolution in ultrapure 

water. The pH of the RB and the rinsing solutions were adjusted to 7.5 by adding an ammonium 

hydroxide solution. For photo physical characterizations of the dye-protein LbL films we used UV-Vis 

Absorption Spectrophotometer (Lambda25, Perkin Elmer). 

 

RESULTS AND DISCUSSION 
When dye molecules in solution phase are transferred to a solid surface, molecular aggregation may 

occur, which is observable as a solid phase UV–Vis spectrum shift when compared to spectra of the 

solution phase15. Consequently, this kind of study may provide details about BSA/RB films formed by the 

arrangement of RB molecules adsorbed on bovine serum albumin (BSA). Figure-1 shows UV–Vis spectra 

of a BSA/RB LbL film and 0.5 g/L RB solution with pH 7.5. The maximum absorption wavelength λmax 

of RB molecules appears at 548 nm in aqueous solution and 565 nm in the BSA/RB film. These results 

reveal a λmax shift (∆λ = 17 nm) to red (bathochromic shift) for the BSA/RB film in relation to the RB 

aqueous solution, which is evidence of the interaction of the RB molecules with BSA in LbL films. 

According to the exciton theory, this λmax shift to red indicates that the dye molecules join in J-aggregates 

with in-line transition dipoles16. 

 
 

Fig.-1: UV–Vis spectra of Rose Bengal solution and BSA/RB LbL film. 

 

The absorption peak at 565 nm corresponds to the RB molecules used to monitor the growth of the LbL 

films. Figure- 2 shows the adsorption kinetic curve of the RB layers (0.5 g/L, pH 7.5), which showed the 

usual monotonic increase in the absorbance over time. The absorption plateau reached at time constant of 

ca. 10 s is related to the saturation of available sites for the adsorption of RB molecules from the solution, 

as they are repelled by those already adsorbed with the same charge17. This saturation indicates that a 
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complete layer has been achieved. The adsorption kinetic curve was modelled with the Johnson–Mehl– 

Avrami (JMA) equation18, as- 

 

� = �{1 − exp

��


}         (1) 

Where, A is the absorbance, k and n are constants and s is the characteristic time19. The JMA model 

allows one to infer about adsorption processes without resorting to molecular-level information20. It has 

been successfully used to explain the adsorption of polymeric films21. The data fitting obtained with the 

parameters in Table-1 is given by the solid line (Fig.-2). 

 
Fig.-2: Adsorption kinetic curve for BSA/RB films at pH 7.5 

The adsorption by BSA/RB films occurs very fast, with a characteristic time of ca. 10 s. A value of n ≈ 1 

which is related to the absorbance corresponds to 1D adsorption with diffusion-controlled growth and 

without the formation of new nuclei during adsorption21. In other words, adsorption takes place with the 

adsorption of nuclei already formed in the beginning of the process, which makes it a fast process 

represented by s. In the adsorption experiments with BSA/RB films, RB molecules compete for 

adsorption. As the substrate is immersed into the RB solution, the molecules close to the surface can be 

adsorbed. As time passes, smaller molecules have higher probability of adsorbing as they take less time to 

diffuse through the solution and reach the substrate. If the substrate remains immersed for more than 5 s, 

the adsorption of RB does not increase, but the already adsorbed molecules are not replaced either22-

23.The extremely fast adsorption process precludes obtaining further experimental data in the transition 

stage. 

Table-1: Parameters n, s and k employed in the JMA equation for fitting the data for kinetics of BSA/RB layers. 

k τ (s) n 

0.432±0.02 10 ±1 1.01 ± 0.1 
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CONCLUSIONS 
Layer-by-layer (LbL) films of Rose Bengal alternated with bovine serum albumin (BSA) were 

successfully self-assembled, demonstrating the suitability of the method to form dye-biomolecule films as 

a result of the mild conditions associated with the LbL technique. UV–Vis spectroscopy demonstrated the 

existence of J aggregates of Rose Bengal molecules, which was attributed to the column-like symmetry of 

Rose Bengal molecules. Furthermore, the adsorption kinetic curve fitted by the Johnson–Mehl–Avrami 

(JMA) equation showed that the nuclei (small aggregates) were probably formed the beginning of the 

adsorption of RB on the BSA layer, with the later uniform growth of J-aggregates in columns. 
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