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Abstract The inclusion behavior of an intramolecular
charge transfer (ICT) fluorescent probe namely; 2-[3-(4-
dimethylamino-phenyl)-allylidene]-tetralone (DMAPT) in
organized assemblies of aqueous micellar, α- and β-
cyclodextrins (CDs) and bovine serum albumin (BSA)
pockets have been studied using steady-state absorption
and fluorescence spectroscopy. The fluorescence character-
istics (energy and intensity) of DMAPT are highly sensitive
to the properties of the medium. The ICT maximum is
strongly blue-shifted with a great enhancement of the fluo-
rescence intensity upon addition of different surfactants,
confirming the solubilization of DMAPT in the hydrophobic
micellar assembly. In addition, the fluorescence of DMAPT
is more sensitive to the nature and concentration of the
added CDs. In α- or β-CD solutions, the fluorescence
intensity increases strongly (by 6 and 23 orders of magni-
tude, respectively). Upon encapsulation in the CD cavity,
the molecular flexibility decreases due to the geometrical
restrictions of the CD nanocavity which decreases the non
radiative transition via the free rotation around the single
and/or double bonds of the butadiene bridge. This was
supported by finding that the fluorescence quantum yield
of DMAPT increases with increasing the viscosity of the
medium. The binding constants of DMAPT with micelles,
α- and β-CD solutions have been calculated and were found
to be highly dependent on the nature of the used surfactants
or CDs. The thermodynamic parameters have been also

determined and the difference in magnitude between the
formed α- and β-CD-DMAPT inclusion complexes is dis-
cussed on the basis of the cavity size. Finally, the binding
constant of DMAPT with bovine serum albumin was calcu-
lated, indicating the relative stability of the DMAPT–BSA
complex. The energy transfer distance between BSA as a
donor and DMAPT as an acceptor was obtained following
the fluorescence quenching of BSA by DMAPT, via reso-
nance mechanism as a quencher.
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Introduction

Self-assembly of organic molecules results in many inter-
esting and complex structures as, folded proteins or supra-
molecular structures of micelles and cyclodextrins [1–3].
Self-assembly is mainly governed by the delicate balance
between hydrophobic and hydrophilic interaction. In an
organized assembly, the active chemical species remains
confined in a small volume, a few nm in size. Such confine-
ment imposes restrictions on the free motion of the probe
and the confined solvent molecules. Several authors have
discussed the hydrophobic effect which causes binding of
organic probes with micelles, cyclodexrins and bovine se-
rum albumin in aqueous medium on many photophysical
processes [4–6].

Micelles are being extensively studied as rudimentary
models for biological systems [7, 8]. Attention has been
paid to the micellar activities on the nature and character-
istics of different photophysical and photochemical process-
es [9]. Upon inclusion, a molecule will experience a
different environment inside the microheterogeneous
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structure of micelle, than that of bulk solvents for e.g.,
polarity, viscosity and diffusion of water molecules changes
on moving towards the core of the micelle. Knowledge of
the properties of water at interfaces of organized assemblies,
at the microscopic level, is a prerequisite for understanding
the mentioned effects. This is because interfacial water
molecules are involved in solvation of reactants, transition
states, surfactants head-group and counter ions as well as in
proton transfer [10].

Cyclodextrins (CDs) are donut-shaped cyclic oligosac-
charides consisting of six or more α-(1,4)-linked D-
glucopyranose units, are able to form inclusion complexes
(host–guest complexes) with a wide variety of guest organic
molecules possessing suitable polarity and dimension char-
acteristics [11]. Complexation is governed by various types
of interactions, including geometrical steric factors, hydro-
phobic interactions, hydrogen bonding, and London disper-
sion forces [12]. Cyclodextrin inclusion complexes can be
studied by a number of experimental techniques, including
UV/visible spectroscopy [13], NMR spectroscopy [14], cal-
orimetry, circular dichroism [15], X-ray crystallography
[16], and fluorescence spectroscopy [17]. In addition to
these experimental methods, computational studies have
also been widely applied to cyclodextrin inclusion [18]. In
the case of UV/visible and fluorescence spectroscopy, a
change in absorption and emission maxima of the guest is
observed. Of these, fluorescence is the most sensitive, as it
requires the lowest concentration of sample, and further-
more for highly polarity-sensitive guests, exhibits by far
the largest effects upon inclusion. It is thus an excellent
technique for studying cyclodextrin inclusion phenomena.

Bovine serum albumin (BSA) is consists of varieties of
amino acid residues and on the basis of the distribution of
the disulfide bridges and of the amino acid sequence, it
seems possible to regard BSA as composed of three homol-
ogous domains linked together. Serum albumin often
increases the apparent solubility of hydrophobic drugs in
plasma and modulates their delivery to cells in vivo and in
vitro. Consequently, it is important to study the interactions
of drugs with this protein. The effectiveness of drugs
depends on their binding ability [19]. Quenching measure-
ments of albumin fluorescence is an important method to
study the interactions of compounds with proteins [20]. It
can reveal accessibility of quenchers to albumin’s fluoro-
phores, help to understand albumin binding mechanisms to
compounds and provide clues to the nature of the binding
phenomenon [21].

Photoinduced intramolcular charge transfer (ICT) inter-
action is currently one of the most attractive optics of
interest as a primary function for photoelectronic devices
[22] as well as a basic mechanism of biological processes
[23] and chemical-energy conversion [24]. Recently, the
photophysical properties of molecules showing ICT or

twisted ICT (TICT) have been studied in CDs-aqueous
media [25, 26]. Ketocyanine dyes form a class of com-
pounds whose absorption and emission characteristics are
strongly dependent on their environments [27, 28]. Hence
they are potentially used as indicators for studying solvation
interactions in homogeneous and microheterogeneous me-
dia. Thus, the spectroscopic and photophysical study of
these molecular systems in organized assemlies and serum
albumin is very helpful for a better understanding of the
nature of inclusion and biodistribution of the dye inside the
living cells.

In the present study, the absorption and emission char-
acteristics of a ketocyanine analogue namely; 2-[3-(4-
dimethylamino-phenyl)-allylidene]-tetralone (DMAPT)
which exhibits intramolecular charge transfer emission
(ICT) have been studied in organized assemblies of
micelles (SDS, CTAB and, TX-100), cyclodextrins
(α, β-CD’s) and bovine serum albumin (BSA). This is
to give insights on the ICT emission and inclusion behav-
ior of such a ketocyanine in these media and determine
the inclusion parameters as well as exploring its probing
ability to characterize the properties of these media.

Experimental

The investigated ketocyanine namely; 2-[3-(4-dimethyla-
mino-phenyl)-allylidene]-tetralone (DMAPT) was synthe-
sized and characterized as described in a previous work
[29]. The used surfactants are sodium dodecyl sufate
(SDS, BDH), cetyltrimethylammonium bromide (CTAB,
BDH) and Triton X-100 (TX-100, Aldrich) as example of
anionic, cationic and neutral micelles, respectively, were
used as supplied. α- and β-cyclodextrins (Aldrich), bovine
serum albumin (BSA, Sigma) were used as received. Bidis-
tilled water was used for preparation of solutions.

Steady-state absorption and emission spectral measure-
ments were carried out using a Shimadzu UV-3101PC scan-
ning spectrophotometer and a Perkin–Elmer LS 50B
spectrofluorometer, respectively. Both techniques are
equipped with temperature controlled cell holders. The tem-
perature of the cell compartments was kept constant by
circulating water using an Ultrathermostate Fisher Scientific
(Pittsburgh, PA 9000).

For spectral measurements, the concentration of DMAPT
was kept constant at 2×10−5 M, while the surfactant concen-
tration was varied within the range 0.2–45.0×10−3 M, depend-
ing on the nature of the used surfactant. In the case of α andβ-
CD, the concentration ranges from 3×10−3 to 2.7×10−2 M.
The fluorescence spectra of DMAPT in CD’s solutions were
measured at four different temperatures within the range from
15 to 45 °C. For spectral measurements at different temper-
atures, the solution was left in the thermostated cell holder for
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at least 10 min before recording the spectra to maintain ther-
mal equilibrium.

A stock solution of BSA (1,000 μg/ml) was prepared by
dissolving 0.025 g in 25 ml using bidistilled water. For
spectral measurements, different volumes of BSA (0.1–
3 ml) were added to 0.1 ml of 10−3 M DMAPT mixed
thoroughly into 5 ml volumetric flask, then diluted with
bidistilled water.

In order to study the fluorescence quenching of BSA
using DMAPT as a quencher in aqueous solution, different
concentrations of DMAPT (0.0–5.4×10−4 M) were added to
1 ml of 100 μg/ml BSA into a 5 ml volumetric flask. The
samples were excited at 280 nm while the emission spec-
trum was recorded in the range 285–450 nm in the absence
and presence of DMAPT.

Results and Discussion

Spectral Behavior and Solublization of DMAPT in Micellar
Solutions

The spectral properties of DMAPT have been studied in
CTAB, TX-100 and SDS micellar solutions. Figure 1 shows
the absorption and fluorescence spectra of DMAPT in the
absence and presence of surfactants at concentrations higher
than critical micelle concentrations, and the corresponding
spectral data are collected in Table 1. The 437 nm absorp-
tion band of DMAPT in water is red shifted by 4–23 nm in
micelles, depending on the nature of the used surfactants
(whether neutral, cationic or anionic). The spectral shift is
consistent with solublization of DMAPT molecules in the
surfactant micelles.

Contrarily, the fluorescence band of DMAPT observed at
597 nm in water is blue-shifted on adding SDS, CTAB and
TX-100 (by 8, 11 and 22 nm, respectively). This shift is

accompanied by a great enhancement of fluorescence inten-
sity (Fig. 2) which can be rationalized in terms of binding of
this hydrophobic probe to the less polar sites in micelles.
Due to the ICT characters of the excited singlet state of
DMAPT, lowering the polarity of the medium destabilizes
the excited state and leads to blue shift of the fluorescence
maximum [30]. In CTAB and SDS micellar solutions, the
dipolar excited DMAPT molecules will be transferred to a
less polar hydrophobic environment near the surface of the
micelle. This is indicated by the calculated polarity of these
micelles as sensed by DMAPT (the polarity of the microen-
vironment of the used micelles expressed as ET(30) are 45.4
and 45.6 kcal/mole for CTAB and SDS, respectively). How-
ever, in Triton-X-100, the calculated ET(30) is 43.6 kcal/mole,
indicating that the DMAPT molecules reside in a more hy-
drophobic less polar environment relative to the other surfac-
tants. The empirical solvent polarity parameter ET(30) of the
micelle environment was calculated utilizing the correlation
between fluorescence energy (EF) of DMAPT in different
solvents and the empirical solvent polarity parameter of

300 400 500 600 700 800

F
lu

o
re

sc
en

ce
 in

te
n

si
ty

 (
a.

 u
)

A
b

so
rb

an
ce

Wavelength  (nm)

H2O

SDS

Triton-X-100

CTAB

100

200

300

400

00

0.2

0.4

0.6

0.8

Fig. 1 Absorption and fluorescence spectra of DMAPT in water (—),
CTAB (——), Triton-X-100 (-.-.-.), and SDS (…..) micellar solutions

Table 1 Spectral maxima, critical micelle concentrations (CMC) and
determined polarity ET(30) of the different micelles as well as the
binding constant of DMAPT with micelles

Micellar
media

lamax
(nm)

lfmax
(nm)

CMC × 10−3

mole/l
ET(30) K × 105

L mole−1

Water 437 597 – 48.19 –

CTAB 454 586 1.0 (0.9) a 45.4 1.37

TX- 100 441 575 0.46 (0.3) a 43.6 0.73

SDS 460 589 8.3 (8.0) a 45.6 0.66

(a) Values were determined by using 4-aminophthalimide as a probe [33]
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Fig. 2 Fluorescence spectra of DMAPT measured in CTAB micellar
solutions, λex 0 430 nm. The surfactant concentrations are shown in the
Figure
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Dimorth-Reichardt [31] as reported in a previous work [32],
according to the following equation:

EF ¼ 70:7� 0:48 ET 30ð Þ ð1Þ
Long-chain amphiphilic molecules form micellar aggregates,
in aqueous solutions, above certain concentration called crit-
ical micelle concentration, CMC. Herein, DMAPT has been
employed to determine the CMC for the used surfactants. The
CMC values were calculated from variations of the relative
fluorescence intensities (If/If

o) with surfactant concentrations
as shown in Fig. 3. The obtained values given in Table 1 are in
good agreement with those determined by using other known
probes [33].

A quantitative estimate of the binding constant (K) for the
equilibrium, representing dye-/micelle interaction, can be cal-
culated by using the equation proposed byAlmgren et al. [34].
For the equilibrium

DþM $ D . . . :M

Where D and M represent dye molecule and micelles respec-
tively, for which

Im � I�
� �

= It � I�
� � ¼ 1þ K M½ �ð Þ�1 ð2Þ

where I○, It, and Im are the fluorescence intensities of the
probe in the absence of surfactant, at an intermediate con-
centration [M] and under complete micellization, respective-
ly. K is the binding constant. The micellar concentration [M]
is determined by;

M½ � ¼ S� CMCð Þ=N ð3Þ
Where S represents the surfactant concentration under ex-
perimental condition and N is the aggregation number of the
micelles. The N values were taken as 60, 62 and 143 for

CTAB, SDS and TX-100, respectively [35]. According to
equation 2, the plots of (Im−I○)/(It−I○) versus 1/[M] are linear
as shown in Fig. 4 where the K values have been determined
from the slopes and collected in Table 1. The binding constant
for inclusion of DMAPT in CTAB is about two times greater
than that in SDS. This reflects the role of the electrostatic
interaction between the dye and the micelle. In CTABmicellar
medium, the positively charged head groups would interact
favorably with the negatively charged carbonyl oxygen of the
dye, particularly in the excited state. While in SDS, the neg-
atively charged head groups will interact with the positively
charged –NMe2 group and suffers some steric interactions
thus leading to relatively weak binding as indicated by the
relatively small inclusion constant.

Inclusion of DMAPT CDs Cavity

The absorption spectra of DMAPTchange upon complexation
with α- and β-CD’s, Fig. 5. The absorption of DMAPT at
437 nm in water increases upon addition of α- or β-CD (0.0–
2.7×10−2 M) with pronounced red shift and appearance of a
shoulder around 570 nm. In β -CD, an isosbestic point at
474 nm appears with increasing of the absorbance of the band
at 450 nm on the expense of the absorbance of the shoulder.
However in α–CD, no isosbestic point was formed, where the
spectrum rises up with the concentration of CD. This behavior
is attributed to the enhanced dissolution of the guest DMAPT
molecule through the hydrophobic interaction with the non-
polar cavities of CDs and formation of inclusion complexes.
The change of the measured absorbance with the CD concen-
tration is shown as inset in Fig. 5.

Figure 6 shows steady state fluorescence spectra of
DMAPT in water containing different concentrations of α-
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or β-CD. The Figure shows that the fluorescence spectra of
DMAPT are more sensitive to the nature and concentration
of the added CD. While DMAPT is weakly fluorescent in
water, on addition of α- or β-CD, the fluorescence intensity
increases strongly (6 and 23 orders of magnitude, respec-
tively). The enhancement of the fluorescence intensity is
due to decrease in non radiative transition via the free
rotation around the single and/or double bonds of the buta-
diene bridge. Upon encapsulation in the CD cavity, the
molecular flexibility decreases due to the geometrical re-
striction of the CD nanocavity. This was supported by
finding that the fluorescence quantum yield of DMAPT
increases with increasing the viscosity of its microenviron-
ment. The fluorescence quantum yield increases 12 times on
going from methanol to glycerol as a solvent (ϕf 0 0.023
and 0.29, respectively). Additionally, the fluorescence

quantum yield decreases from 0.29 at 26 °C to 0.11 as the
temperature is raised to 65 °C in glycerol.

In β-CD, dual emission is observed where a new band
builds up around 558 nm. The observed dual emission can
be explained on the basis of two probabilities, firstly, the
long wavelength fluorescence is due to free DMAPT mole-
cule, while the band at shorter wavelength can be attributed
to the formation of inclusion DMAPT-β-CD complex. Sec-
ondly, the dual emission is due to formation of two inclusion
complexes via two different modes of inclusion of DMAPT
in the CD cavity. The difference in spectral change of
DMAPT on adding α- or β-CD in aqueous solution sug-
gests that the structural geometry of the [DMACA-CD]
inclusion complexes is different in terms of orientation of
the guest molecule. DMAPT can enter CD longitudinal in
two ways, as shown in Scheme 1. If the inclusion complex is
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Fig. 5 Absorption spectral changes of DMAPT on adding different concentrations of (a) α-CD and (b) β-CD. Inset: the change in the absorption
maximum of DMAPT with increasing the concentration of CDs
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Fig. 6 Fluorescence spectral changes of DMAPT (2×10-5 M) on adding different concentrations of (a) α-CD and (b) β-CD. Inset: the change in
the emission maximum of DMAPT with increasing the concentration of CDs



formed as shown in Scheme 1a with the -NMe2 group reside
outside the host cavity in the bulk water phase thus will
experience the same kind of solvation as in the aqueous
medium, consequently no shift in the fluorescence maxi-
mum is expected. In this mode of complexation the tetralone
moiety of DMAPTwill be present inside the CD cavity with
the carbonyl group are placed close the wider rim of the CD
near the -OH groups. In the other mode of solvation,
Scheme 1b, the -NMe2 group would be buried in the hydro-
phobic cavity and then the bulk water are not available to
solvate it, so, blue shift in the emission band is expected.

In α–CD where the cavity size is small (diameter is 5.3 A°
[36]) it allows inclusion of the DMAPTmolecule via themode
with the tetralone moiety inside the cavity (Scheme 1a). How-
ever, the probability of inclusion of DMAPT molecules with
the –NMe2 group inside the α–CD cavity is hindered by the
twisted geometry of the dimethylaniline moiety (the torsion
angle of the phenyl ring within the amino group is 59.4° [32]).
This is consistent with the observed no shift of the fluores-
cence maxima in α–CD. In the case of β-CD the cavity is
large enough to allow DMAPT to interact with the CD via the
previously mentioned twomodes of inclusion. By comparison
with the results in α–CD, the observed dual emission inβ-CD
is due to the formation of inclusion complexes via the tetralone
moiety inside the β-CD cavity with the carbonyl group near
the –OH groups of the wider rim (responsible for the fluores-
cence at 597 nm). On the other hand, the appearance of the

short wavelength fluorescence band at 558 nm is due to
formation of inclusion complex with -NMe2 inside the hydro-
phobic β-CD cavity. In fact, attribution of the fluorescence
band at longer wavelength (597 nm) to emission from the free
DMAPT molecules is ruled out due to the finding that the
fluorescence intensities at 558 and 597 nm increase monoton-
ically (ratio at both wavelengths is ≈1.3 for β-CD concentra-
tions 1.2 and 27.0×10−3 M). In addition, the fluorescence is
leveled off at higher β-CD concentrations as shown in the
inset of Fig. 6.

To get information about the stiochiometry and stability
of the formed DMAPT-CD complexes, the Benesi–Hilde-
brand [37] double reciprocal plots were tested according to
the following equation;

1

F � F0
¼ 1

F1 � F0
� 1

Kin CD½ �0
þ 1

F1 � F0
ð4Þ

Where F0 and F∞ denote the fluorescence intensity of
DMAPT in the absence of α- or β-CD’s and when all mole-
cules are complexed withα- andβ-CD’s, respectively. F is the
fluorescence intensity measured at each tested [CD]0, and Kin

is the inclusion constant of the formed host–guest complex.
A typical linear double reciprocal plot was established in

the concentration range 1.2–27.0×10−3 M of α- and β-CD’s,
Fig. 7. The possibility of formation of a 2: 1 (host: guest)
complex is ruled out as the plot of 1/(I−I0) vs. 1/[CD]2 are non
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Scheme 1 The proposed
structures of the inclusion
complexes of DMAPT with
α- and β-CDs
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linear, supporting the assumed 1:1 inclusion of the DMAPT in
α- and β-CD’s. The binding constants were calculated,
Table 2. The calculated values for the inclusion complex with
β-CD are larger than those for α-CD (at 25 °C, Kin 0 117.1
and 86.7 dm3 mole−1, respectively). This suggests the stronger
hydrophobic interactions experienced by DMAPTwith β-CD
compared to α-CD, and supports the role of cavity size in
determining the stability of the formed complex.

To explore the thermodynamic of the binding process, the
temperature dependence of the binding constant was also
studied where it was found that Kin decreases with increas-
ing the temperature. The thermodynamic parameters were
determined by applying Van’t Hoff equation [38].

ln Kinð Þ ¼ �ΔH0

R

1

T

� �
þ ΔS0

R
ð5Þ

Where R is the gas constant, T is the absolute temperature,
ΔH0 and ΔS0 are the enthalpy and entropy of activations,
respectively. Representative plot is shown in the inset of
Fig. 7. The corresponding enthalpy ΔH◦ and entropy ΔS◦
changes are obtained from the slope and intercept of the plot,

respectively, while the Gibbs free energy change is calculated
from the following equation:

ΔGo ¼ �RT ln Kin ð6Þ

The calculated thermodynamic parameters are collected in
Table 2. The negative sign of the obtained ΔHo values
(−40.86 and −46.19 kJ/mole for α- and β-CD’s, respectively)
may be accounted for the hydrophobic interactions between
the fluorophore and the cavity of CD [39]. The negative
values indicate that the inclusion process is an exothermic
and enthalpy controlled. The difference in magnitude between
the parameters calculated for α-CD and β-CD complexes is
discussed on the bases of the cavity size, the higher entropy
values possibly results from the release of the high energy
water molecules from the host cavity during the encapsulation
of the dye into the host cages [40]. Upon complex formation
these water molecules are expelled and reform their hydrogen
bond network. The situation is different in the larger β-CD
cavity where water has the possibility of a more extensive
hydrogen bonding. The kinetics for α-CD is slow, associated
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Fig. 7 Benesi-Hildebrand plots
for the emission of DMAPT in
β-CD solutions at different
temperatures. Inset: are the Vant
Hoff plots of logarithmic
inclusion constants of DMAPT
in CDs

Table 2 Binding constants (kin)
and thermodynamic parameters
of complexation of DMAPT
with α- and β-CDs at different
temperatures

Media lamax (nm) lfmax (nm) Temperature
°C

Kin

(dm3 mole−1)
-ΔH°
(kJ/mole)

-ΔS°
(J/mole)

-ΔG°
(kJ/mole)

α-CD 459 595 15 137.25 40.86 100.76 10.76
25 86.72

35 70.92

45 23.98

β-CD 449 557 15 184.1 46.19 116.46 11.62
25 117.1

35 76.79

45 25.46
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with high activation energies for both association and disso-
ciation of the complex [41].

The Interaction of DMAPT with BSA

Gradual addition of BSA resulted in an initial decrease in
the absorption band of DMAPT at 430 nm followed by an
increase in the absorbance with almost no shift in the ab-
sorption maximum, Fig. 8. The room temperature fluores-
cence spectrum of DMAPT in water is characterized by a
broad and structurless charge transfer band with a maximum
around 597 nm. However, on addition of BSA, the fluores-
cence intensity increases strongly with a remarkable blue
shift to 581 nm at 600 μg/ml BSA, Fig. 9. Inclusion of
DMAPT molecules within the hydrophobic less polar pock-
ets of protein (BSA) leads to destabilization of the ICT
excited state and consequently, blue shift of the fluorescence
maximum. The absorption and emission spectral changes
infer a binding interaction between the dye and the protein.

The use of dye as model of drug and therapeutic agent is
basically dependent on its binding ability towards the protein
that can also influence their stability and toxicity during the
chemotherapeutic process. So, the DMAPT–BSA complex
may be suggested as a model for giving insights into drug–
protein interactions. In order to assess the binding interaction
between DMAPT and the albumin protein, the binding con-
stant has been determined from the fluorescence data follow-
ing the modified Benesi–Hildebrand equation as follows;

1=ΔF ¼ 1=ΔFmax þ 1=K BSA½ �ð Þ 1=ΔFmaxð Þ ð7Þ

Where ΔF 0 Fx−Fo and ΔFmax 0 F∞−Fo where Fo, Fx and
F∞ are the fluorescence intensities of DMAPT in the

absence of protein, at an intermediate protein concentra-
tion, and at a concentration for inclusion of all DMAPT,
respectively, K being the binding constant and [L] is the
free protein concentration. Plot of 1/ΔF against [L] gives a
straight line, Fig. 9, thereby justifying the validity of Eq.
(6) and hence confirming the interaction between the dye
and the protein. The value of K, thus obtained at 300°K is
7.0×103 L mole−1 is relatively high and indicates stability
of the formed dye–protein complex [42].
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Fig. 8 Absorption spectra of DMAPT recorded in the presence of
different concentrations of BSA
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Fig. 9 Emission spectra of DMAPT as a function of BSA concentra-
tion (λex =460 nm). Inset: is the Benesi-Hildebrand plots for the
binding of DMAPT in BSA
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Fig. 10 Fluorescence spectral changes of BSA on adding different
concentrations of DMAPT at λex = 280 nm. Inset: is the Stern-Volmer
plots for the quenching of BSA fluorescence by DMAPT
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Fluorescence Quenching of Serum Albumin by DMAPT

The fluorescence of BSA was efficiently quenched by addi-
tion of DMAPT, Fig. 10, without change of the band profile
indicating the absence of emission from new species.

The quenching mechanism of BSA fluorescence by
DMAPT was investigated using the Stern–Volmer equation
[43]:

Fo=F ¼ 1þ Kqto Q½ � ¼ 1þ KSV Q½ � ð8Þ

Where Fo and F represent the fluorescence intensities in the
absence and presence of the quencher, Kq is the bimolecular
quenching rate constant, KSV is the Stern–Volmer quenching
constant, τo is the average lifetime of BSAwithout quencher
which was taken as 10−8 s [44], and [Q] is the concentration of
the quencher which is DMAPT. It has been found that the
Stern-Volmer plot is linear, Fig. 10. As the absorption spec-
trum of DMAPT and the fluorescence spectrum of BSA are
overlapped, Fig. 11, analysis of the fluorescence intensity is
treated considering the energy transfer mechanism. For the
DMAPT–BSA system, the values of KSV and Kq are 0.794×
104 M−1 and 0.792×1012 L mole−1 s−1, respectively, with the
Kq value 100 factor greater than the calculated diffusion
controlled constant (Kdiff 0 0.64×1010 L mole−1 s−1 [45]).
The higher value of Kq is consistent with the energy transfer
over relatively large distances as a possible quenching mech-
anism. Energy transfer according to the long-range dipole-
dipole interaction (Forster mechanism) may give rise to Kq

values above the diffusion limit [46].
The importance of the Förster resonance energy transfer in

biochemistry is that the efficiency of transfer can be used to
evaluate the distance between the ligand and the tryptophan
residues responsible of the natural intrinsic fluorescence of
proteins. According to Förster’s non-radiative energy transfer

theory [47], the rate of energy transfer depends on: (i) the
relative orientation of the donor and acceptor dipoles, (ii) the
extent of overlap of the fluorescence emission spectrum of the
donor with the absorption spectrum of the acceptor, and (iii)
the distance between the donor and the acceptor. The energy
transfer efficiency (E) is related to the critical energy transfer
distance, R0, as described in the following equation:

E ¼ 1� F=Fo ¼ R6
o=R

6
o þ r6o ð9Þ

Where F and Fo are the fluorescence intensities of BSA in the
presence and absence of dye, ro is the distance between accep-
tor and donor and R0 is the critical distance when the transfer
efficiency is 50 %. R0

6 is calculated using the equation:

R6
0 ¼ 8:8� 10�25K2N�4ΦJ ð10Þ

Where K2 is the spatial orientation factor between the emission
dipole of the donor and the absorption dipole of the acceptor.
The dipole orientation factor, K2, is the least certain parameter
in the calculation of the critical transfer distance, R0. Although
theoretically K2 ranges from 0 to 4, the extreme values require
very rigid orientations. If both the donor and acceptor are
tumbling rapidly and free to assume any orientation, K2 equals
2/3. If only the donor is free to rotate, K2 can vary from 1/3 to
4/3 [43]. N is the refractive index of the medium, Ф the
fluorescence quantum yield of the donor and J is the overlap
integral of the fluorescence emission spectrum of the donor
and the absorption spectrum of the acceptor given by:

J ¼
X

F lð Þ" lð Þl4Δl=
X

F lð ÞΔl ð11Þ

Where F(λ) is the fluorescence intensity of the fluorescent
donor at wavelength λ which is dimensionless, ε(λ) is the
molar absorption coefficient of the acceptor at wavelength λ.
J can be evaluated by integrating the spectra in Fig. 11. The
calculated value of J was 3.343×10−15 cm3 L mole−1. It has
been reported for BSA that K2 0 2/3, Ф 0 0.15 and N01.36
[48]. The values of Ro and ro were 2.1 and 1.66 nm. These
values are less than the common value (8 nm) [49], which
indicate that the fluorescence quenching of BSA was also a
non-radiative transfer process. Furthermore, the distances
obtained by this way agree well with literature values of
substrate binding to BSA at site IIA [50].

Conclusion

The obtained results, suggest that the ICT fluorescence of
DMAPT could be a potential probe for the properties of the
investigated organized assemblies to sense and characterize
their microenviromental polarity, critical micelle concentra-
tions of surfactants. Also, it could determine the difference
in the size of the cavity of CDs and the binding site of the
hydrophobic BSA pockets.

Fig. 11 Overlap between the fluorescence spectrum of BSA and the
absorption spectrum of DMAPT
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