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Abstract  

 

Photophysical techniques were employed as a tool to determine the binding interaction of an Intramolecular Charge 

Transfer (ICT) based dye 4- Dicyanomethylene-2,6-dimethyl-4H-pyran (DDP) with Bovine Serum Albumin (BSA) in 

water.  Addition of BSA to DDP dye results no significant change in the ICT absorption maximum but a well-marked 

enhancement in the fluorescence quantum yield of the dye. The enhancement on the addition of BSA shows that the 

excited state characteristics of dye are influenced by the protein that comprises several hydrophilic and hydrophobic 

amino acid moieties.  Fluorescence lifetime decay characteristics of DDP dye with BSA exhibits a tri-exponential decay 

with a large variation in the fluorescence lifetime and relative amplitude distribution. The dye is situated predominantly 

in the hydrophobic interior rather in the aqueous phase is established from time resolved fluorescence lifetime studies. 

The coexistence of three different fluorescence lifetime components of dye in the presence of BSA signifies the existence 

of dye in a heterogeneous micro environment with varying proportion. The existence of multi environment is 

authenticated by electrochemical impedance spectral studies (EIS). BSA markedly influences the redox potential 

properties of dye which reveals that the presence of charged species (zwitter ionic structure of amino acids), polar and 

non-polar moieties governs the electrochemical nature of DDP dye. 

Keywords: DDP; BSA; amino acids; fluorescence emission; fluorescence lifetime; fluorescence enhancement: binding 

plot; electrochemical impedance spectra. 
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INTRODUCTION 
Bovine Serum Albumin is a large globular 

protein that has a better solubility in water. The 

molecular weight of BSA is around 66.4 kD consisting 

of 582 amino acids and it contains a single polypeptide 

chain folded into tertiary globular conformation 

forming three domains [1].  BSA and HSA are 

homologous in nature and the amino acid sequence of 

HSA shows structural similarity with that of BSA [2, 

3]. The structure of HSA is well resolved and the 

modified version adapted from Protein Data Bank 

(HSA: 1BKE.pdb. PDB:http://www.rscb.org.pdb [4]) is 

shown in figure 1.  

 

 
Fig-1: Structure of HSA (adapted and modified from PDB: HSA: 1BKE)[4]  
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Serum albumin, the most widely studied 

globular protein is present in blood plasma and in 

circulatory system [5, 6]. BSA consists of a micro 

heterogeneous population of proteins, constituting 85-

95 % monomer, 5-10 % dimers, and polymers 

constituting a smaller proportion
 
[7, 8] such that it 

possesses both hydrophilic and hydrophobic properties. 

The native structure of BSA contains 66% -helix and 

33% of -structure and the tertiary structure is 

characterized by three domains I, II and III. The 

existence of these domains was determined by X-ray 

crystallography studies on HAS [5, 6]. BSA involves in 

the transportation of fatty acids, amino acids, steroids 

and metal ions and is responsible for the maintenance of 

blood pH [5, 9].  Further, BSA binds with ligands and 

contributes to 80% of the osmotic blood pressure [5]. 

An important application of BSA in the biomedical 

field involving BSA is that it forms stable complexes 

with drugs and extrinsic probes, [11-33] such that a 

large variation in the photophysical properties are 

monitored which are widely useful for chemists and 

biologists. 

 

BSA has a larger proportion of hydrophobic 

interior and less non-polar surface at the exterior; 

thereby the protein-protein interactions in aqueous 

solutions are significantly important. The nature of 

interaction in protein depends upon the number of 

charged groups and non-polar groups exposed in the 

aqueous medium and buried in the hydrophobic interior
 

[4, 13]. In BSA, the binding affinity offered by site (I) 

is mainly through hydrophobic interactions, whereas 

site (II) involves a combination of hydrophobic 

interactions, hydrogen bonding and electrostatic 

interactions [12,13].The hydrogen-bonding interactions 

involving BSA in aqueous solution and the presence of 

the hydrophobic bond in proteins [14], peptides have a 

contrasting effect on the structure of water. Further the 

interaction of BSA with several extrinsic probes have 

been explored in depth exhibiting Intramolecular 

Charge Transfer (ICT), Photoinduced Electron Transfer 

(PET), Twisted Intramolecular Charge Transfer (TICT) 

and Excited State Intramolecular Proton Transfer 

(ESIPT) based dyes which portrays BSA as an ideal 

host molecule. Further, fluorescence techniques 

provides several advantages over other analytical 

techniques in the determining the nature of binding. 

Photophysical and photochemical properties of probe or 

drug are monitored by fluorescence spectroscopic 

techniques, which is so far the most efficient and much 

reliable tool for the chemists and biologists in particular 

[2].   

 

Fluorescence spectroscopy is the technique 

involved in establishing the location of a fluorescent 

probe in micro heterogeneous environment like protein 

and peptide aggregates. The photophysical properties of 

the fluorescent probe are attributed to the micro and 

macro environment of the medium. Since most of the 

reactions occur in the time scale ranging from few 

picoseconds to microseconds in the solution phase, 

fluorescence spectroscopic techniques are widely used 

in establishing the properties of the fluorescent probes. 

Further, a low concentration (in µM) of the probe is 

only required to establish the spectral properties.  

 

 
Fig-2: Structural representation of DDP (2a) and DCM (2b) dyes 

 

DDP belongs to the family of DCM type dyes 

which belongs to the class of red luminescence 

compound [34-38]. DDP dye has a strong acceptor 

group dicyanomethylene -C(CN) 2 in 4
th

 position and 

donor moieties in 2
nd

 and 6
th

 positions  as shown in 

figure 2. The photophysical studies were confined 

predominantly to DCM dye owing to the Twisted 

Intramolecular Charge Transfer (TICT) behavior [34-

46] and DDP dye does not exhibit TICT phenomenon. 

So far DDP dye has been employed as a fluorescent 

probe to explore the photophysical and electrochemical 

properties in the presence of hydrogen-bonding solutes 

such that the interaction at the bulk and the interface 

regions are well understood. 

 

In our present study, we focus on the variation 

in the photophysical properties of an ICT based dye, 4- 

Dicyanomethylene-2, 6-dimethyl-4H-pyran (DDP) in the 

presence of BSA in water. The reports on DDP dye with 

hydrogen-bonding molecules [44] in aqueous solution 
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which portray that the photophysical properties of DDP 

dye are largely governed by the hydrogen-bonding 

properties as well as the hydrophobic nature of amide 

derivatives [42] and t urea derivatives [45]. Further, the 

studies pertaining exclusively to the fluorescence 

emission and lifetime of DDP dye in the presence of 

water soluble non fluorescent solutes are very limited in 

the literature to the best of our knowledge [42-45]. 

 

EXPERIMENTAL METHODS  
Materials 

BSA fraction V powder pH-7, was purchased 

from SRL Chemicals India Ltd., and was refrigerated at 

4
ο 

C throughout our studies. DDP dye was prepared by 

the procedure reported in the literature [34].  

 

Steady-state absorption and fluorescence 

measurements 

The absorption spectra were recorded using an 

Agilent 8453 UV-Visible diode array 

spectrophotometer. The lamp source used for the 

ultraviolet-visible range was deuterium and tungsten 

lamps. Emission spectra and 3D spectral measurements 

were recorded in Fluoromax-4P spectrofluorimeter 

(Horiba JobinYvon) using fluorescence software 

provided by the manufacturer. 3D Contour plots were 

obtained by the simultaneously scanning the excitation 

and emission monochromator. Steady state fluorescence 

anisotropy measurements were carried out in Perkin-

Elmer MPF-44B fluorescence spectrophotometer 

interfaced with PC through Rishcom-100 multimeter. 

Sheet polarizer was used in anisotropy measurements 

and the experimental setup was followed as reported 

[46]. 

 

Time-resolved fluorescence measurements-Time 

correlated single-photon counting (TCSPC) technique 

The Fluorescence decay measurements of 

DDP dye with urea derivatives were recorded using 

IBH time correlated single-photon counting 

spectrometer with microchannel plate photomultiplier 

tube (MCP-PMT) (Hamamatsu, R3809U) as detector. A 

diode pumped millennia V CW laser (spectra physics) 

was used to pump the Ti–sapphire rod in a Tsunami 

picosecond mode-locked laser system (Spectra 

Physics). The 750 nm (85 MHz) beam from the Ti–

sapphire laser was passed through a pulse picker 

(Spectra Physics, GWU 23PS) to generate 4 MHz 

pulses. The second harmonic output was generated by a 

flexible harmonic generator (Spectra Physics, GWU 

23PS). A vertically polarized 377 nm laser was used to 

excite the sample. The fluorescence of DDP dye was 

monitored at magic angle (54.7
ο
). This was counted by 

a MCP-PMT apparatus (Hamamatsu R3809U) after 

being passed through the monochromatic and was 

preceded through a constant fraction discriminator 

(CFD), a time-to-amplitude converter (TAC) and a 

multichannel analyzer (MCA). The instrument response 

function for this system is ~50 ps. The obtained 

fluorescence decays were analyzed by using IBH 

software (DAS-6) which is based on reconvolution 

technique using iterative nonlinear least squares 

method.  

 

Electrochemical impedance spectroscopy (EIS) 

EIS studies were recorded using CH 

INSTRUMENT CH1604E electrochemical analyzer. 

EIS study is also known as alternate current (AC) 

conductivity study. A plot of z’ vs z” (Nyquist or cole-

cole plots) taken over a wide frequency range (50Hz to 

5 MHz) at room temperature was carried out.  

 

RESULTS AND DISCUSSION  
Absorption spectral studies 

DDP dye exhibits two characteristic absorption 

peaks at 248 and 348 nm accompanied with a shoulder 

around 360 nm as reported [42]. Addition of BSA 

results no significant change in the absorbance at the 

longest wavelength absorption maximum of DDP dye 

(figure 3).The absorbance at the ICT absorption 

maximum remains unaltered even in the presence of 

very high concentration of BSA. The increase in the 

absorbance around 280 ± 10 nm is attributed to the 

strong absorbance of BSA. Further, an isosbestic point 

in the absorption spectrum of DDP dye with BSA 

(figure 3) is correlated to the formation of a ground 

state complex. Our earlier studies of DDP dye with 

hydrogen-bonding assemblies of amides and urea 

derivatives also resulted in an isosbestic point which 

signifies the presence of equilibrium between dye and 

BSA.  From absorption spectral studies it is evident that 

BSA associates with dye molecules in the aqueous 

phase. In the present investigation, we account for the 

role of BSA that possesses hydrogen-bonding as well as 

hydrophobic moieties on the variation in the excited 

state nature of DDP dye. 

 

 
Fig-3: Absorption spectrum of DDP dye with BSA in water. 

1. DDP dye (7.14 x10-6 M). 2.  DDP dye (7.1 × 10-6 M  )  + 

BSA 0.75 ×  10-5 M.  3. DDP dye (7.1 × 10-6 M ) + BSA 1.5 × 

10-5 M. 4.  DDP dye (7.1 × 10-6 M ) + BSA 3.0 × 10-5 M. 
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Emission spectral studies 

Addition of BSA to DDP dye results in a 

fluorescence enhancement (figure 4). A broad emission 

maximum around 430 to 440 nm resulted on the addition 

of BSA as observed in the case of urea, and a close 

observation on the emission spectra reveals the presence 

of two emission peaks of almost similar intensity 

separated by a few nm only. Interestingly, with a further 

increase in the concentration of BSA resulted in broad 

emission maxima at 435 ± nm with a larger fold of 

enhancement at the longest wavelength emission. The 

emission spectral studies of BSA with DDP dye reveals 

that the two emission peaks of DDP dye are partially 

separated and coalesce to form a single peak at higher 

concentration of BSA. The extent of fluorescence 

enhancement is accompanied with no considerable shift 

in the emission towards the red or blue region (figure 5).  

 

 
Fig-4:  Emission spectra of DDP dye in the absence and 

presence of BSA in water. λex360 nm.1) DDP dye alone(7.1 

×10-6 M ), 2) DDP dye (7.1 × 10-6 M  )  + BSA 0.75 ×  10-5 

M , 3) DDP dye(7.1 × 10-6 M  ) + BSA 1.5 ×  10-5 M, 4)  

DDP dye (7.1 ×10-6 M)  + BSA 3.0 ×  10-5 M, 5) DDP  

dye(7.1×10-6 M  ) + BSA 4.5 ×  10-5 M, 6) DDP dye (7.1×10-

6 M  )   + BSA 6.0 ×  10-5 M, 7) DDP dye (7.1 × 10-6 M  )  + 

BSA 7.5 ×  10-5 M, 8) DDP dye(7.1 ×10-6 M  )   + BSA 9.0 ×  

10-5 M, 9)  DDP dye (7.1 × 10-6 M  )  + BSA  12.0 ×  10-5 M. 

 

 
Fig-5: Extent of fluorescence enhancement of DDP dye with 

BSA 

In general the excited state properties of 

intrinsic or extrinsic fluorophores are influenced by pH, 

viscosity, dielectric constant, dipole moment and 

refractive index of the medium. The shift in the emission 

maximum towards the red or blue region is generally 

attributed to increase in the dipole moment of the 

medium or through hydrogen-bonding interaction or 

change in the polarity of the medium. In our present 

study there is no significant shift in the emission maxima 

of the dye upon the addition of BSA. Interaction of PET 

based acridinedione dyes with BSA resulted in a larger 

extent of fluorescence enhancement and shift in the 

emission maximum towards the blue region. The 

increase in the fluorescence intensity is attributed to the 

suppression of the PET process through space and the 

blue shift is attributed to the orientation of the dye 

predominantly in the hydrophobic pocket of BSA. BSA 

is a complex macromolecule which comprises several 

amino acids that contain polar and non-polar groups 

which induces hydrogen-bonding, hydrophobic 

interactions and electrostatic contributions. In our study 

the absence of any characteristic shift towards neither 

red nor blue region reveals that the dye is not oriented 

completely in the hydrophobic interior or hydrophilic 

exterior of BSA. The exact distribution of the dye could 

not be quantified from steady state measurements; rather 

DDP dye is distributed uniformly in an environment 

which is heterogeneous. This was established and 

elucidated based on the fluorescence lifetime decay 

studies only, which is discussed in detail in section 3.4.  

 

It is well known that BSA binds with drugs and 

fluorescent probes and the binding constant values are 

calculated from the fluorescence intensity measurements, 

which signifies the extent of probe–protein binding. The 

binding constant of BSA with fluorescent probes are 

determined using the modified form of the Benesi–

Hildebrand equation [47] which is so far the ideal tool in 

determining the nature of the interaction involving 

proteins [46,32,33]. Studies based on the interaction of 

probe/drug with BSA elucidate the importance of 

binding sites in BSA [18, 26, 32, 47–49].  The most 

preferred site for the binding of fluorescent probes in 

BSA is the hydrophobic exterior rather than the 

hydrophilic domain. The most probable location of the 

dye in BSA is ascertained by the binding constant value 

in comparison with other fluorescent probes. The 

binding site further provides valuable insight and 

information on the nature of the interaction and the 

stability of DDP dye with other ICT based dyes with 

BSA. Interaction of BSA with norharmane [22], AODIQ 

[29, 30], p-(dimethylaminobenzamido-

thiosemicarbazone)[43], methylene blue [54] and nile 

blue [53], reveals a higher binding constant. The binding 

constant value, which is of the order of 10
4   

M
-1 

reveals 

that the dye is located in the hydrophobic interior of the 

protein molecule. We have employed the modified 

Benesi–Hildebrand equation interaction of DDP with 

BSA as applied to other probe–protein systems 

[26,33,43].The binding constant of DDP dye with BSA 



 
Thamarai Selvan et al., Haya Saudi J Life Sci, April., 2020; 5(4): 28-37 

© 2020 |Published by Scholars Middle East Publishers, Dubai, United Arab Emirates  32 
 

is obtained from the plot of (FN–F0)/(Fx–F0) versus 

1/[BSA]. The binding constant (K) calculated from the 

slope and the intercept is found to be 5.070 ×10
-3

 M
-1

 for 

DDP  dye which is found to be similar to that of the ICT 

based probes interaction with BSA as proposed earlier. 

The binding constant value of DDP dye with BSA 

confirms that the dye–protein interaction is 

comparatively hydrophobic in nature. This is further 

supported by time-resolved fluorescence decay 

measurements. The literature reports portray that the 

interaction of drugs [47, 49] with globular proteins also 

results in high binding constant value which is correlated 

to the binding of the drug in the hydrophobic interior of 

protein molecule. 

 

If hydrophobic influences on the excited state 

properties of DDP dye would have been more 

predominant than hydrogen-bonding influences, a blue 

shift in the emission maxima would have resulted. On 

the contrary, no blue shift in the emission results. The 

pattern of shift clearly reveals that apart from the 

hydrophilic and hydrophobic nature of  BSA 

influence the emission spectra of DDP dye wherein the 

presence of microhetrogeneous population of the amino 

acids definitely governs the emissive nature of the dye. 

The fluorescence enhancement of DDP dye in the 

presence of BSA is larger in terms of fluorescence 

enhancement. The influence of urea-solvent hydrogen-

bonding properties on the photophysical behavior of 

fluorescent probe results either in an increase or decrease 

in the fluorescence emission and lifetime. This provides 

an excellent approach to study in depth regarding the 

interaction of water soluble fluorophores in the presence 

of large macromolecules. 

 

Mechanism of fluorescence enhancement of DDP dye 

with BSA 

In general, the mechanism of fluorescence 

enhancement (FE) of fluorophore in the presence of BSA 

in aqueous or buffered solutions is attributed to two 

different mechanisms [26, 51–54]. These mechanisms 

are postulated in regard to fluorescence enhancement of 

extrinsic probes involving globular proteins such that 

addition of BSA results in change in the absorption and 

emission spectral properties. A change in the 

microenvironment resulted by change in pH and 

viscosity by the addition of BSA influences the medium. 

One mechanism signifies that FE is due to the variation 

in the bulk viscosity and the polarity around the probe 

molecule. It was observed that the addition of protein 

result in the either decrease or increase in the polarity of 

the medium around the vicinity of the dye [57]. This 

mechanism signifies that the increase in the fluorescence 

intensity accompanied with a shift in the emission is 

attributed to the change in the microenvironment around 

the fluorophore resulting in the stabilization or 

destabilization of the charge transfer (CT) state.  

 

 

Interaction of BSA and HSA with fluorescent 

probes involving a change in the polarity around the 

fluorophore has been well documented in the literature 

involving probe–protein interaction [32, 33]. Herein, 

DDP is an ICT based dye which exhibits only 

fluorescence enhancement and no characteristic shift is 

observed. On the contrary, another mechanism signifies 

an intermolecular energy transfer from the protein 

molecule to the probe resulting in a FE [55–58]. This 

mechanism was ruled out since there were no new 

emissive peaks arising from DDP dye on the addition of 

BSA. The emission intensity in the spectral range of 435 

± 10 was almost similar which authenticates that the 

local excited (LE) state emission is stabilized to a larger 

extent. This was confirmed from 3D emission contour 

spectral studies. 

 

Apart from these mechanisms, FE is also 

correlated to the binding of the dye to the protein 

molecule resulting in the formation of a stable complex 

in the excited state [48] such that free dye and bound dye 

exists in solution. This mechanism was ruled out in our 

present study since there exist no free dye component in 

aqueous phase on the immediate addition of BSA. This 

was established based on the fluorescence lifetime 

amplitude distribution of the various lifetime 

components of DDP dye.  

 

Interestingly, the addition of urea (hydrophilic 

and hydrophobic moieties) results in a complete change 

in the microenvironment. The increase in the 

fluorescence intensity of DDP dye on the addition of 

urea results in a red shift in the emission maximum and 

this is attributed to hydrogen-bonding interaction. This 

mechanism results in the stabilization or destabilization 

of the CT or LE state emission of the flourophore. The 

presence of urea around the dye molecules compete 

with water molecules in forming hydrogen-bonding 

interaction such that the variation in the 

microenvironment of dye is influenced by the 

concentration of urea.  The nature of the solute 

influences the excited state properties of DDP dye is 

illustrated from this present study. 

 

D Emission Contour spectral studies 

The 3D fluorescence spectrum of DDP dye 

exhibits a single contour of emission intensity in the 

spectral range of   435 ± 10 nm that corresponds to 370 

± 5 nm (excitation wavelength) in the absence of BSA 

as shown in figure 6a. The pattern of contour is uniform 

and the concentric circles around the emission 

maximum are almost uniform and no appreciable 

variation in the intensity results. The excitation 

wavelength scan interval was varied from 280 to 400 

nm and the emission wavelength scan interval was from 

340 to 500 nm.  3D contour spectra of DDP dye on the 

addition of BSA results in a complete change in the 

pattern and shape of the contour (figure 6b). The 

emission intensity at the maxima is much broader and 

there exists no uniform pattern of concentric circles 
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which clearly reveal that the excited state characteristics 

of DDP dye are completely governed by the 

introduction of protein molecule. The contour spectra 

also illustrates that no new emission results from the 

dye in the presence of BSA which also supports our 

proposed mechanism of fluorescence enhancement.  

 

 
Fig-6: 3D Emission contour spectral studies of Dye with various concentrations of BSA. (A) Dye alone, (B) Dye with BSA 

 

Time Resolved Fluorescence Studies  

The fluorescence life time of DDP dye exhibits 

tri-exponential decay in water. The existence of multi 

exponential behavior is attributed to the orientation of 

the acceptor moieties in plane with the pyran ring and 

perpendicular to the pyran ring structure such that two 

different conformations can coexist with certain 

difference in their conformational stability and relative 

proportion of existence in the presence of water 

molecules [42].  Of the three lifetime components, there 

exists one major lifetime component of 6.81 ns.  

Addition of BSA results in a marked change in the 

fluorescence lifetimes of all the components with 

significant variation in the relative amplitude 

distribution. The fluorescence decay of DDP dye with 

BSA is shown in figure 7 and the lifetime values are 

provided in table 1.  

 

BSA, which contains three domains, has two 

binding sites namely site I and site II. The binding 

affinity offered by site (I) is mainly through 

hydrophobic interaction, whereas the site (II) involves 

the combination of hydrophobic, hydrogen-bonding, 

hydrophilic and electrostatic interactions [50,51]. Time-

resolved fluorescence decay measurements illustrate 

that the DDP dye is largely confined to the binding site 

(I) of BSA, which is predominantly influenced by the 

hydrophobic interactions. From the fluorescence 

lifetime decay analysis of DDP dye in the presence of 

highest BSA concentration, the shorter component 

(0.4ns) is assigned to dye prominently located in the 

aqueous phase with lesser number of protein molecule 

surrounding the close vicinity of dye. The other two 

lifetimes are attributed to the dye molecule located in 

the hydrophilic phase (2.0 ns) of the protein molecule 

and the dye molecule deeply buried in the hydrophobic 

interior (7.3 ns) of the BSA. A trimodal behaviour 

illustrates that DDP dye is located in multi 

heterogeneous environment created by the protein 

molecule.  The fluorescence lifetime of the free 

unbound dye component (surrounded by water 

molecules only) is also influenced by the presence of 

several amino acid molecules, whereas the relative 

amplitude decreases with increasing concentration of 

BSA.  

 

 
Fig-7: Fluorescence lifetime decay of DCM dye with BSA in 

water. λex360 nm.1) Laser profile, 2) DDP dye alone (7.1 × 10-6 M  

)  , 3) DDP dye (7.1 × 10-6 M  )  + BSA 0.75 ×  10-5 M , 4) DDP 

dye(7.1 × 10-6 M  ) + BSA 1.5 ×  10-5 M, 5)  DDP dye (7.1 ×10-6 M)  

+ BSA 3.0 ×  10-5 M,, 6) DDP  dye(7.1×10-6 M  ) + BSA 4.5 ×  10-5 

M,, 7) V DDP dye(7.1×10-6 M  )   + BSA 6.0 ×  10-5 M, 8) DDP dye 

(7.1 × 10-6 M  )  + BSA 7.5 ×  10-5 M, 9) DDP dye(7.1 ×10-6 M  )   + 

BSA 9.0 ×  10-5 M, 10)  DDP dye (7.1 ×10-6 M  )  + BSA 10.5 ×  10-5 

M, 11)  DDP dye (7.1 × 10-6 M  )  + BSA BSA 12.0 ×  10-5 M. 

 

Time resolved fluorescence spectral technique 

is used as an efficient tool in resolving the most 

probable location of the fluorophore in different 

environments. From the above observation it is clear 

that the concentration of BSA play a significant role in 

the fluorescence lifetime of DDP dye in aqueous 

solution that are governed by hydrophobic influences 

accompanied with different hydrogen-bonding moieties. 
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Table-1: Fluorescence lifetime decay analysis of 

DCM dye with BSA in water 

 
 

 

 

Electrochemical Impendence spectroscopy (EIS) 

A plot of z vs z’ (Nyquist or cole-cole plots) 

taken over a wide frequency range (50 Hz to 5 MHz) at 

room temperature and fitted with equivalent circuit as 

shown in supporting information figure 8. An 

equivalent circuit of charge transfer capacitance (Cct) 

and charge transfer resistance, (Rct) was in parallel 

connection with resistance in series (Rs). The number of 

environment involved in the charge transfer process is 

equal to the number of equivalent circuits. The 

capacitive behavior of free dye with three equivalent 

circuits representing three environments as, i) a 

semicircle is observed at high frequencies, attesting the 

charge transfer at the electrode / solution interface, ii) a 

transition zone at intermediary frequencies, iii) a 

Warburg like line at low frequencies characteristic for 

diffusion process. The R (CR) depicts the Randels 

circuit of an electrochemical cell which ensures the 

electrostatic mode of attraction between the dye and 

BSA molecule. On addition of BSA, to DDP dye we 

observe that a charge transfer capacitance Cct and 

charge transfer resistance, Rct decrease and this has 

been confirmed with equivalent circuits.  

 
Fig-8: Electrochemical Impedance Spectroscopy of DDP dye in water in the presence of BSA. 

 

CONCLUSION 
DDP dye interaction with a globular protein by 

various techniques like UV–Visible, fluorescence 

spectroscopy and Electrochemical Impedance Studies 

(EIS) were employed as a tool in establishing the most 

probable orientation of the dye in a micro 

heterogeneous environment. These techniques provide   

link in establishing the binding nature as well as 

preferred mode of interaction of DDP dye with BSA. 

The fluorescence enhancement reveals that the excited 

state properties are largely governed by the 

concentration of the protein. Presence of micro 

heterogeneous environment in aqueous medium is 

confirmed by the triexpontential decay lifetime of DDP 

dye and a similar inference is observed in EIS by the 

Warburg formation of more than one layer. 

Spectroscopic studies reveal that electrochemistry 

coupling with fluorescence spectral techniques certainly 

provide an efficient way to characterize both the 

binding mode of DDP dye  with water soluble 

biomolecules. 
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BSA x 

10
-5

(M) 

1 (ns) 2 (ns) 3 (ns) B1 (%) B2 (%) B3 (%) 
2
 

0.0  0.18 3.51 - 49 57 - 1.80 

0.75 0.61 4.00 - 32 68 - 1.21 

1.5 0.85 4.78 - 43 56 - 1.21 

3.0 0.34 1.9 6.6 13 35 52 1.02 

4.5 0.31 2.76 7.1 13 38 49 1.04 

6.0 0.48 2.37 7.95 23 28 39 1.09 

7.5 0.50 2.32 7.72 22 37 41 1.06 

9.0 0.49 2.25 7.47 21 36 43 1.08 

10.5 0.48 2.24 8.04 22 38 40 1.09 

12.0 0.39 2.01 7.29 13 37 50 1.05 

Z ,  Msd.

Z ,  Calc.

dye +BSA DL 1.txt

Model : R(CR)(CR)(CR)     Wgt : Modulus

Z '  (ohm)

3.00E+052.50E+052.00E+051.50E+051.00E+055.00E+040.00E+00

- 
Z

 '
' 
 (

o
h

m
)

1.80E+05

1.60E+05

1.40E+05

1.20E+05

1.00E+05

8.00E+04

6.00E+04

4.00E+04

2.00E+04

0.00E+00

6.81k

1.21k

8.25

4.64 3.83

3.16

2.61

2.15

1.78

1.47

1.21

1

Iter #: 2

Chsq: 7.53E-04

# of pars with 

   rel. std. errors

>10%: 1 / 7

>100%: 0 / 7
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