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Abstract  

 

Photophysical studies of water soluble Photoinduced Electron Transfer (PET) based dye with urea in the absence and 

presence of a globular protein, Bovine Serum Albumin (BSA) were carried out in water. Addition of urea results in a 

fluorescence quenching of the dye such that the local excited (LE) state emission remains largely unaffected, whereas 

BSA results in a fluorescence quenching accompanied with larger extent of fluorescence enhancement and promotes the 

formation of a new emissive peak, assigned to the Charge Transfer (CT) nature of the dye. The loss of PET behavior of 

the dye in water and the subsequent addition of urea or BSA influences the excited state nature of the dye. Urea 

predominantly governs the LE state nature of the dye and promotes the formation   a new microenvironment in the 

presence of BSA. The binding constant parameters portray that dye is influenced by urea rather than BSA such that urea-

water and urea-urea hydrogen-bonding assemblies predominates over hydrophobic nature of the protein. Fluorescence 

spectral technique is employed as a tool in establishing the nature of interaction between dyes with more than one water 

soluble Competitive Hydrogen Bonding solute is established in the present study. 
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INTRODUCTION  
The solvation properties and intermolecular 

interactions of a well-known globular protein like 

bovine serum albumin, (BSA) with universal protein 

denaturant, urea in aqueous solution has been well 

established in the literature by thermodynamical aspects 

[1-5], photophysical techniques [6-8] and Circular 

Dichroism (CD) studies [9,10].The hydrogen-bonding 

properties of urea-water self-assemblies protein -protein 

interactions in urea aqueous solution and the 

thermodynamic exchange process of water/urea 

molecules at the protein solvent interface has provided 

the chemists and biologists a fascinating field of 

research. In particular, when the solvent is water, there 

exists a variation in the equilibrium constant; binding 

constant and extent of hydrogen-bonding network of 

urea-protein interaction and this is predominantly 

attributed for the difference in composition between the 

bulk solvent and the protein solvation layer. There are 

reports that authenticate that urea preferentially bind to 

the protein surface and also reports that include several 

electrostatic and coulombic interactions that are 

dependent on the concentration of urea [11-13].  

 

In our present study, we focus on the extent of 

binding and the nature of interaction of a water soluble 

extrinsic fluorophore with urea in the absence and 

presence of BSA. The fluorophore is resorcinol based 

acridinedione dye (RADD1) that exhibits Photoinduced 

Electron Transfer (PET) characteristics in non-polar 

solvents, but loses its PET nature in water and protic 

solvents (Scheme 1). Both resorcinol and dimedone 

based acridinedione dyes possess PET and 

Intramoelcular Charge Transfer (ICT) characteristics 

such that several photophysical studies pertaining to 

hydrogen-bonding solutes [14-16] have been carried out 

in aqueous medium. Herein, we carried out the binding 

of urea with RADD1 dye in the absence and presence 

of BSA in water in comparison with another PET dye 

(RADD2) that exhibits PET behaviour in water and a 

typical non-PET dye (RADD3). Since the behaviour of 

urea and BSA with RADD2 and RAAD3 dye has been 

thoroughly established in water, we have chosen a dye 

that generally exhibits PET nature in all other solvents 

except in water and methanol. 
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Scheme 1: Structure of Resorcinol based acridinedione dyes 

 

EXPERIMENTAL METHODS  
Materials 

Resorcinol and dimedone based acridinedione 

dyes were synthesized as per the procedure reported 

[17]. Urea (molecular biological grade) was purchased 

from Merck, India Ltd. BSA fraction V powder pH-7, 

was purchased from SRL Chemicals India Ltd., and 

was refrigerated at 4
ο 

C throughout the course of 

experimental studies.  

 

Steady-state absorption and fluorescence 

measurements 

The absorption spectra were recorded using an 

Agilent 8453 UV-Visible diode array 

spectrophotometer. The concentration of RADD1 dye 

was fixed at 3.0 × 10
-5

 M for all photophysical studies. 

Emission spectra and Red Edge Excitation Shift 

(REES) spectral studies were carried out in Perkin-

Elmer MPF-44B fluorescence spectrophotometer 

interfaced with PC through Rishcom-100 multimeter.  

 

RESULTS AND DISCUSSION 
The absorption spectrum of RADD1 dye in 

water exhibits maxima around 255 and 375 nm and the 

peak at 375 nm is assigned to the ICT from the nitrogen 

atom (10
th

 position) to carbonyl group of acridinedione 

fluorophore [18]. Further, it has been established that 

the addition of hydrogen-bonding solutes like urea and 

globular proteins like BSA does not influence the ICT 

absorption maximum (375 nm) of the dye and the 

increase in the absorbance in the spectral range of 250–

300 nm is attributed to the strong absorbance of urea 

[14] and BSA [19] such that the ICT peak is hardly 

influenced by the presence of these solutes.  Moreover, 

the increase in the absorbance less than 300 nm 

generally does not govern the excited state properties of 

the dye, since the wavelength of excitation in our 

present study is around 375 nm only. Even though some 

variation in the absorption spectra of ADR results on 

the addition of urea or BSA, no significant information 

regarding the ground state characteristics of dye could 

be established with better information concerned about 

the nature of inetraction. The precise nature of 

interaction between urea-dye could not established  

from the absorption spectra, as observed in the case of 

urea and protein interaction with other acridinedione 

dyes in water [14, 19-21]. 

  

The emission spectrum recorded by exciting 

the dye at the longest wavelength absorption maximum 

is dependent on the electron donating property of the 

functional groups present at the 9
th

 position of 

acridinedione dyes and also based on the substitution of 

hydrogen atom (N-H) in the 10
th

 position (Scheme 1).  

The unique feature of RADD1 dye is that the PET 

behaviour is lost in water and other protic solvents such 

that it exhibits only one emission peak around 438 ± 2 

nm in water as shown in figure 1. In non-protic solvents 

like acetonitrile, in addition to the LE state, an emission 

peak above 500 nm is obtained which corresponds to 

the CT state [18]. 

  

 
Fig-1: Emission spectra of RADD1 dye in water 

 

This is attributed to the protonation of the 

dimethylamino group such that the PET character is 

completely lost and the emission spectral behaviour is 

entirely different from that in acetonitrile. In protic 

solvents like water and methanol, protonation of the 

dimethylamino group increases the oxidation potential 

of donor group thereby resulting in a large variation in 

the fluorescence lifetime and the dye thereby losses its 

PET nature. So far concerned, we have established the 

photophysical properties of RADD1 and RADD2 dyes 

with proteins [19,20] and amino acids [22] in aqueous 

medium and the variation in the excited state properties 

were found to be entirely different from that of other 
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PET and non-PET based acridinedione dyes in water as 

shown in scheme 1.    

 

Initial addition of urea (up to 3.0 M) resulted 

in a drastic decrease in the fluorescence intensity of 

ADR dye accompanied with a slight shift in the 

emission maxima towards the blue region. Further, 

addition of urea above 3.0 M resulted in an increase   in 

the fluorescence intensity accompanied with a shift 

towards the red region although the increase in the 

emission intensity is not comparable to that of the 

extent in quenching pattern. The fluorescence 

quenching phenomenon was more predominant, 

followed by a slight increase in the fluorescence 

intensity. Although, addition of BSA also resulted in an 

initial decrease in the fluorescence intensity of the dye, 

a more pronounced shift and larger fold of enhancement 

was observed in the case of BSA.  

 

The emission spectra of RADD1dye with urea 

are shown in figure 2 and the shift in the emission 

maxima in figure 3.  

 

 
Fig-2: Emission spectra of ADR dye with urea in water 

 

 
Fig-3: Extent of shift in the emission maxima of RADD1dye dye 

on the addition of urea. 

 

Interestingly, the initial addition of BSA also 

quenches the native LE state emission of ADR dye by 

over 50 % and on the subsequent addition of BSA, a 

fluorescence enhancement accompanied with a more 

significant shift towards the red region in the emission 

maxima (439–470 nm) results [20].  This pattern is 

correlated to the increase in the polarity of the medium 

and the shift is attributed to the hydrogen-bonding of 

BSA with dye.  In our present study, neither a 

substantial increase in the fluorescence intensity nor 

shift in the emission towards the red region results on 

the addition of urea even though the concentration of 

urea is several folds greater than that of the protein 

molecule.  In our earlier studies involving BSA with 

RADD1 dye, the variation in the emission intensity and 

shift in the emission maxima was more pronounced at a 

lower concentration of BSA. (Dye: protein was 1:10) 

and in the case of RADD2 dye, the extent of 

fluorescence enhancement was very significant 

accompanied with a blue shift in the mission maxima. 

Neither of the behavior was observed in the case of 

addition of urea to RADD1 or RADD2 dye. The nature 

of the solute and the properties of solute with solvent 

molecules govern and influence the excited state 

properties of acridinedione dyes are certainly 

exemplified in this study, whether the dye is a PET or 

non-PET based. This clearly ascertains that even though 

the concentration of urea is around 10
6
 fold greater than 

the dye; the excited state characteristics are influenced 

to a greater extent. Urea promotes the PET process in 

RADD1 dye resulting in a fluorescence quenching and 

suppresses the PET process in the case of RADD2 dye 

accompanied with an increase in the fluorescence 

quantum yield. Interestingly, the addition of urea to 

RADD3 dye does not result  any significant change in 

the fluorescence emission or lifetime of RADD3 dye 

[14]. Based on the role of urea, we portray that the 

nature of solute plays an important role on the 

fluorescence properties, the solute-solvent and solvent 

mediated properties certainly influences the 

microenvironment of the dye.  

 

The binding nature of the dye varies with that 

of the solute molecules like BSA and urea. The Stern-

Volmer plot of RADD1 dye with urea is shown in 

figure 4 which exhibits a downward curvature. This plot 

illustrates that the binding pattern is not uniform and 

exhibits linearity at lower concentration of urea. The 

binding constant could not be established due to the 

multiple binding sites due to the presence of large 

number of urea molecules. A modified plot is provided 

in the inset of figure 4 which accounts for the 

fluorescence intensity for quenching alone (Figure 2: 

plots 1-6 exhibits a decrease in fluorescence intensity). 

The stern volmer constant (Ksv) constant was obtained 

from the slope of the linear plot which was found to be 

2.4. The bimolecular quenching constant (kq) values 

were found to be 3.3 × 10
8
 M

−1
 s 

−1
. Kq value in the 

range of 10
9
 signifies that the quencher (urea) 
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effectively decreases the fluorescence intensity thereby 

forming an effective binding with RADD1 dye.    

 

 
 

 
Fig-4: SV plot of RADD1 dye – urea in water 

 

A variation in the binding pattern of dye with 

urea from that of dye with BSA clearly visualizes that 

LE state emission  is almost retained and do not vary 

much in the presence of urea. Strikingly, BSA promotes 

the stabilization of the CT state through hydrogen-

bonding interaction such that BSA is involved in a 

direct hydrogen-bonding with RADD1 dye. In the case 

of urea, there is no clear illustration of any direct 

hydrogen-bonding with the dye molecule and the urea-

water interaction play a major role on the LE state 

emission of the dye. We portray that more number of 

urea molecules surround the dye such that it creates a 

comparatively hydrophobic environment such that the 

dye switches over towards a change in the 

microenvironment from hydrophilic to hydrophobic in 

aqueous medium.   

 

There are several factors involving urea or 

BSA which induces the LE state emission 

characteristics such as increase or decrease in the 

viscosity and dipole moment properties. The red edge 

effect is an useful and very interesting phenomenon in 

fluorescence spectroscopy concerned with the emissive 

nature based on the excitation properties. 

It is the observation of shifting of emission wavelength 

to the red upon shifting of the excitation 

wavelength to the red end of the absorption spectra. The 

red edge effect is the phenomenon, when we excited a 

sample at higher wavelength (red edge) the emission 

maximum shifts to red shift region. Solvation dynamics 

accompanied with viscous factor is very important for 

red edge effect and it is observed only in case of highly 

solvated fluorophores. The role of viscosity of medium 

is another important factor which is established through 

Red Edge Excitation Sift (REES) spectral studies. 

REES spectra was recorded for RADD1 dye alone 

(absence of urea and BSA), dye with urea and dye-BSA 

complex with urea. The wavelength range of 373 to 398 

nm with a 5 nm interval was used for REES studies. 

Interestingly, the emission maxima centered at 437 ± 1 

nm resulted for all the systems in consideration 

irrespective of the wavelength of excitation.  

 

The REES spectra is provided in figure 5 

which clearly authenticates that neither the viscosity 

factor nor the solvent relaxation dynamics on the 

fluorophore induced by the addition of urea or BSA has  

as no significant role on the LE state emission. The 

presence of urea and urea hydrogen-bonding self-

assemblies with water molecules and protein influence 

the excited state properties is envisaged through this 

study.      

 

 
Fig-5: REES spectra of RADD1dye-urea in water in the presence 

and absence of BSA 

 

Further, we also establish that urea effectively 

governs the excited state properties of dye in the 

presence of another competitive solute like BSA 

wherein BSA influences both the LE and CT state 

characteristics of the dye. It is well known that BSA 

forms a stable complex with dye and the binding 

constant is around (6.3 ×10
3
 M

-1
) which signifies that 

the interaction between dye and BSA in aqueous 

solution is higher in comparison with other CT based 

dyes[20]. Further, the dye is hydrophobic in nature and 

prefers to reside inside a hydrophobic cavity rather 
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towards a hydrophilic environment. In order to establish 

the most preferred location of the dye in the presence of 

competitive solutes, the following emission spectral 

studies were carried out. The concentration of RADD1 

dye-BSA was fixed in the ratio of 1:100 and urea was 

added to the complex in varying proportion. A decrease 

in the fluorescence intensity of the dye-BSA complex 

results and the extent of fluorescence quenching was 

around 300 fold (figure 6). The concentration of urea 

was limited to less than 10. 0 M in the present study. 

(Since turbidty at room temperature around 10.0 M in 

the presence of BSA). The stern volmer plot of urea 

with dye-BSA complex is provided in figure 7 and the 

Ksv and Kq values were found to be 0.144 and 1.62 × 

10
7
 M

−1
 s 

−1
 respectively. 

 

 
Fig-6: Emission spectra of RADD1 dye-BSA complex with urea 

 

 
Fig-7: SV plot of RADD1-BSA complex on the addition of urea 

 

From the binding plots, it is evident that urea 

predominates its role over BSA inspite of a strong dye-

BSA Complex. Urea effectively decreases the 

fluorescence intensity and the dye is oriented more 

towards a microenvironment containing more urea 

molecules rather towards BSA. This is authenticated 

from the binding constant value of urea on dye-BSA 

complex which is also governed by several entities of 

urea molecules in comparison with that of BSA. The 

hydrogen bonding pattern of urea-water does not follow 

a uniform pattern and based on the concentration of 

urea there exists various orientation of urea molecules 

with water forming urea-water, urea-urea and urea-BSA 

hydrogen bonding assemblies. The presence of urea 

provides multiple hydrogen-bonding formulations, such 

that it can act as a hydrogen-bonding donor (N-H 

hydrogen) as well as an acceptor (carbonyl oxygen). 

Urea forms hydrogen-bonding with the peptide linkage 

of protein as well as with the free amino and 

carboxylate end of the protein molecules thereby 

resulting in an effective decrease in the binding affinity 

of BSA with dye.  A detailed study on the interaction of 

urea derivatives with PET based acridinedione dye 

reveals that apart from hydrogen-bonding interactions, 

the hydrophobic nature of urea derivatives influences 

the excited state properties of the dye [14].  Urea 

creates and promotes the formation of a new micro 

environment that comprises of hydrogen-bonding and 

hydrophobic interactions. The stronger urea-urea and 

urea-water hydrogen-bonding interactions are confined 

throughout the phase in different proportions such that 

the microenvironment surrounding dye-BSA complex is 

completely modified in the presence of urea. We 

ascertain that in the presence of water as the solvent the 

role of urea on the protein surface and urea-water self-

assemblies influence the excited state properties of the 

dye  

 

CONCLUSION 
A fluorescence quenching of the dye in the 

presence of urea reveals that urea diffuses into the 

fluorophore such that the excited state dynamics are 

influenced by the presence of urea molecules. The 

binding constant of dye with urea is unaltered even in 

the presence of BSA which established that the 

microenvioernmnet of the dye in the prseence of urea is 

found to be entirely different from that of BSA. Urea-

urea, urea-water hydrogen-bonding self assemblies 

influnce the fluorescence quantum yeild of the dye is 

established from fluorescence spectral techniques. 
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