
Abstract Modulation of intramolecular charge transfer
reaction of ethyl ester of N,N-Dimethylaminonaphthyl-
(acrylic)-acid (EDMANA) in anionic sodium dodecyl
sulfate (SDS), cationic cetyltrimethylammonium bromide
(CTAB) and non-ionic p-tert-octylphenoxy polyoxyethanol
(Triton-X 100, TX-100) micelles has been addressed using
steady state and time resolved spectroscopy. The interaction
of the CT probe EDMANAwith micelles and its location
inside the micelles have been investigated by the study of
fluorescence spectral band position of EDMANA in
micelle, the effective polarity of micelle-water interface
and cetyl pyridinium chloride induced fluorescence quench-
ing measurement. The effects of urea on the properties of
the micelles such as Critical Micelle Concentration and the
interaction between EDMANA and micelles have been
explored using EDMANA as emission probe.
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Introduction

Since Lippert’s first report [1], one of the most extensively
studied example of excited state charge transfer process is
the dual fluorescence of 4-(N,N-Dimethylamino)benzoni-
trile (DMABN) [2–9]. Molecules with a flexible single

bond between the donor and acceptor subunit are capable to
rotate around the bond, thereby stabilizing the intramolec-
ular charge transfer (ICT) state in solvents of higher
dielectric. It has been well accepted [10–14] that dual
fluorescence arises due to equilibrium between two states in
the excited state surface. The short wavelength emission
(b*) band is due to a coplanar structure of the molecule,
while the “abnormal” long wavelength emission (a*) band
originates from a structure with a perpendicular conforma-
tion which under appropriate conditions can be preferen-
tially stabilized having much higher dipole moment than
that of its precursor locally excited (LE) state. The high
dipole moment of the fluorescent charge transfer (CT) state
makes the fluorophore very useful in probing both the bulk
and microenvironments of different media, such as super-
critical fluids [15, 16], cyclodextrins [17–19] and micelles
[20–23]. The advantage behind the use of CT molecule as
fluoro-probe is based on the medium dependent spectral
properties of the generated CT state.

Research on micellar media is very important due to
their microenvironmental similarity with proteins, enzymes
etc., their biomimicking nature and capability of some of
them to efficiently accommodate and transport of drugs
[24–28]. The most significant property of an organized
assembly of nano dimensions is its ability to stabilize and
bind solute molecules that are typically insoluble or
sparingly soluble in a pure bulk solvent. Upon binding a
molecule will experience a different environment inside the
microheterogeneous structure of micelle than that of the
bulk solvents. Properties like polarity, steric rigidity,
viscosity and diffusion of water molecules towards the core
of the micelle are different from the bulk phase [23].
Micelles are characterized by two regions, a hydrophobic
core and a hydrophilic surface that may be cationic, anionic

A. Samanta : B. K. Paul :N. Guchhait (*)
Department of Chemistry, University of Calcutta,
92 A. P. C. Road,
Kolkata 700009, India
e-mail: nguchhait@yahoo.com

ORIGINAL PAPER

Modulation of Intramolecular Charge Transfer Emission
Inside Micelles: A Fluorescence Probe for Studying
Microenvironment of Micellar Assemblies

Anuva Samanta & Bijan Kumar Paul & Nikhil Guchhait

Received: 24 June 2011 /Accepted: 30 August 2011 /Published online: 9 September 2011
# Springer Science+Business Media, LLC 2011

J Fluoresc (2012) 22:289–301
DOI 10.1007/s10895-011-0959-3



and non-ionic. All these three types of micelles consist of a
dry hydrocarbon core surrounded by a wet spherical shell
called the Stern layer with thickness 6–10Å for ionic
micelle and 25Å for palisade layer of non-ionic micelle.
Surrounding the Stern layer is a diffuse layer called the
Gouy Chapman layer. This outer layer is about several
hundred angstroms wide [28]. The ionic micelle consists of
a micelle-water interface and the charge of this interface can
be modulated by the embodiment of sensor molecules or
ions. With the introduction of a proper fluorescent probe
that is very sensitive to environmental polarity and
viscosity, one can follow the process of micellization and
also the effect of interface electric field on the probe.
Therefore, structural study of different micelles and their
influence on photoinduced processes are fascinating and
have been discussed in several reviews [26, 27, 29, 30].

In our previous work [31], we have reported that the
fluorescence properties of ethyl ester of N,N-Dimethylami-
nonaphthyl-(acrylic)-acid (EDMANA) is very much depen-
dent on the solvent polarity. In particularly, the fluorescence
maxima shifts to the red with increasing solvent polarity
and fluorescence quantum yield changes with viscosity and
hydrogen bonding ability of the solvent. Since micelles
contain hydrophobic and hydrophilic regions with confined
cage, it would be interesting to study the photophysics of
EDMANA in the micellar nanocage. Considering the
polarity sensing ability of EDMANA, we thought that this
molecule would provide information on the local polarity of
the micelle environment. Therefore, in the present work, we
have studied the micellization process of non-ionic (Triton-
X 100, TX-100), anionic (sodium dodecyl sulfate, SDS)
and cationic (cetyltrimethylammonium bromide, CTAB)
micelles using EDMANA as an external fluorescence probe
by steady state and time resolved spectroscopy. The

chaotrope urea has the denaturation tendency to protein
and inhibition criteria on micellization process due to its
ability to weaken of hydrophobic forces in aqueous solution
[32–35]. Since micelles are relatively simple models for
more complex biological systems, a number of recent
studies have been undertaken to elucidate the action of urea
on it [32–35]. From these investigations, it has been found
that urea increases the Critical Micelle Concentration
(CMC) of ionic [32, 33, 35] and non-ionic surfactants
[33, 34]. We have studied the emission properties of probe
EDMANA to study the effect of urea on the properties of
micelles and on the interaction between probe and micelles.

Experimental Section

The synthetic procedure of EDMANA (Scheme 1) has been
described in our previous publication [31]. The surfactants
SDS, CTAB and TX-100 (Scheme 1) were purchased from
SRL, Spectrochem and Merck, respectively, and used as
supplied. Triply distilled water was used for preparing
solutions. Methanol and 1,4-dioxane from Spectrochem and
glycerol from Merck were used as supplied. Analytical
grade urea (Merck) and cetyl pyridinium chloride (CPCL)
from Loba Chemie were used in this work.

The absorption and emission spectra of EDMANA in
different medium have been taken by Hitachi UV–vis
(Model U-3501) spectrophotometer and PerkinElmer
(Model LS-55) fluorimeter, respectively In all measure-
ments, the sample concentration has been maintained
within the range 10−5–10−6 mol/dm3 in order to avoid
dimerization.

The time resolved fluorescence intensity decays were
obtained with a Time Correlated Single Photon Counting
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Scheme 1 Structure of a ethyl
ester of N,N′-Dimethylamino-
naphthyl-(acrylic)-acid
(EDMANA) b TX-100, c SDS
and d CTAB
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(TCSPC) set up employing a nanosecond diode laser (IBH,
nanoLED-07) operating at 1ex=340 nm as the light source
(FWHM=900 ps) and TBX-04 as the detector [36]. The
fluorescence decay was collected with an emission polar-
izer kept at the magic angle (~54.70). The decays were
analyzed using Data Station v-2.5 decay analysis software.
Intensity decay curves were obtained as a sum of
exponential terms

FðtÞ ¼
X

i

ai exp
�t

t i

� �
ð1Þ

Where F(t) is the fluorescence intensity at time t, ai the
pre-exponential factor representing the fractional contribu-
tion to the time resolved decay of the ith component with a
lifetime Ci. Average lifetimes (Cavg) of fluorescence were
calculated from the decay times and pre-exponential factors
using the following equation:

tavg ¼
X

i

ait i ð2Þ

The fluorescence quantum yields were estimated from
the corrected fluorescence spectra using quinine sulphate in
0.1 M H2SO4 (ΦF=0.577 at 293 K) as standard [37].

Results and Discussion

Absorption Study

The absorption and emission spectra of EDMANA in
different solvents have been elaborately discussed in our
previous publication [31]. In brief the molecule shows its
ππ* absorption for the naphthalene chromophore at 352 nm
in aqueous solution. Absorption spectra of EDMANA in an
aqueous solution with varying concentration of three
different surfactants (SDS, CTAB and TX-100) have been
recorded keeping the concentration of EDMANA fixed in
each case (Fig. 1) and the relevant spectral data are
presented in Table 1. From Fig. 1, it is clear that with
increasing of surfactant concentration the ππ* absorption
band of EDMANA is red shifted by 6–10 nm in ionic
micelles with concurrent increase in absorbance whereas
addition of neutral TX-100 micelle causes a slight enhance-
ment of that band intensity only (Fig. 1c). The increase in
absorbance in each micelle compared to bulk medium may
be attributed to enhanced solubilization of EDMANA in
micelle solution. It is noteworthy to mention here that
EDMANA forms hydrogen bonded cluster in water and
hence absorption band is shifted to blue in water compared
to other aprotic solvents [31]. Therefore, the apparent red
shift may indicate the movement of the molecule from pure
aqueous phase to micellar less polar environment.

Fig. 1 UV-visible absorption spectra of EDMANA in aqueous
solution with varying concentration of a SDS, b CTAB and c TX-
100 at room temperature
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Fluorescence Emission Study

Fluorescence techniques have been widely used to charac-
terize micellar organization and dynamics due to their
intrinsic sensitivity and suitable time scale [38]. The present
molecule EDMANA having donor and acceptor group
capable for charge transfer reaction in the excited state
shows solvent polarity dependent red shifted CT emission
in addition to the high energy local emission [31].
Interestingly the emission spectral parameters such as
fluorescence intensity, quantum yield and fluorescence
lifetime of the CT state of EDMANA are found to be
affected by the nature of the solvent [31]. The observed
fluorescence properties are found to be low in protic
solvents compared to the aprotic solvents due to non-
radiative deactivation by intermolecular hydrogen bonding
interaction. The excited state behavior of EDMANA in
different micelles has been studied and the corresponding
emission spectra are depicted in Fig. 2. The molecule
shows its emission at 521 nm in pure water. An enhance-
ment of the fluorescence intensity with blue shift (17 nm in
SDS, 23 nm in CTAB and 29 nm in TX-100) has been
observed on gradual addition of SDS, CTAB and TX-100 in
aqueous solution of EDMANA (Table 1). Both observations
reflect that microenvironment around the fluorophore is the
micellar assemblies being quite different from those in the
pure aqueous phase. The spectral shifts and the enhance-
ment of the fluorescence intensities can be explained in
terms of binding of this probe to a less polar site of the
micelle. It is already known that EDMANA undergoes
photoinduced ICT reaction; therefore reduced polarity does
not stabilize the excited state more than the ground state. As
a result, the energy gap between this state and the ground
state increases showing blue shifting in the emission
maxima. As seen in Table 1, the fluorescence quantum
yield of the CT band increases appreciably as the
fluorophore is trapped in the micellar environment. En-
hancement of red shifted CT emission may infer that
confined micellar nanocage may enhance charge transfer
reaction and reduces non-radiative deactivation channels. It
is noteworthy to mention here that excited state CT reaction
favors in more polar solvent. The trend in increasing
fluorescence intensity and quantum yield of CT emission

of EDMANAwith decreasing polarity of the micellar cage
in the order of SDS<CTAB<TX-100 indicate that micellar
nanocage mainly deactivates the non-radiative channels but
not the CT reaction in the excited state. Later on we have
found that strong binding constant and viscosity trend in the
order of TX-100>CTAB>SDS are responsible for increas-
ing fluorescence intensity and quantum yield. Different
extent of blue shifts, enhancement of CT bands and
fluorescence quantum yields in three micelles surely point
that the location of the emitting species is not same in all
these micelles.

Time Resolved Studies

Fluorescence lifetime serves as a sensitive indicator of the
local environment in which a given fluorophore is placed.
So this technique could provide valuable information
regarding the location and distribution of a probe in
complex microheterogeneous environments such as pro-
tein, micelle, lipid etc. in a better way. So modulated
photophysics of EDMANA in micellar environment
compared to aqueous media has been demonstrated using
time resolved study. The lifetime of EDMANA in aqueous
solution can not be obtained due to its ultrafast decay
nature that is below the resolution limit (90 ps) of the
lifetime instrument. Typical decay profiles of EDMANA in
micellar media are shown in Fig. 3 and the corresponding
lifetime data are tabulated in Table 2. Single and bi-
exponential fitting of the decay profiles have been done in
order to get acceptable # 2 values though the pre-
exponential value of the long-lived component is too
small. As shown in Table 2, the lifetime values of the
probe in micellar media are clearly more than those in
water due to decrease in non-radiative decay rates. The
radiative (kr) and non-radiative (knr) decay rate constants
(Table 2) are calculated using the following relations:

kr ¼ 6F= th i knr ¼ 1� 6Fð Þ= th i ð3Þ

The increase in ΦF and decay times and substantial
decrease in knr in the micellar environment points toward
the restricted motion of the probe inside the micellar

Table 1 UV–vis absorption and
fluorescence band maxima,
fluorescence quantum yield,
binding constants and free
energy change of EDMANA in
different micelles at
room temperature

Solvent/Medium 1a (nm) 1f (nm) ΦF (x103) Keq (x10
−5 M−1) ΔG0 (kJ/mol)

Water 352 521 7.84 – –

SDS 358 504 30.0 0.89±0.02 −28.42
CTAB 362 498 41.3 4.36±0.48 −32.39
TX-100 356 492 44.2 7.63±0.67 −33.78
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cavities. According to Table 2, the fluorescence decay times
increases in the order of SDS<CTAB<TX-100 and non-
radiative rate constants as SDS>CTAB>TX-100.

Estimation of the Probe-Micelle Binding Constant

The enhancement and spectral shift of fluorescence inten-
sity of EDMANA in micellar solution can be rationalized in
terms of binding of the probe with the micelles. Binding
constants of EDMANA with different micelles have been
determined from the fluorescence intensity data following
the method described by Almgren et al. [39]. According to
this method, the binding constant (Keq) can be obtained by
changing the proportions of dissolved to ‘free’ solute from
the following relationship

I1 � I0ð Þ
It � I0ð Þ ¼ 1þ 1

Keq M½ � ð4Þ

Where I∞, I0, It are the fluorescence intensities of the
fluorophore under complete micellization, in the absence of
micellization and in presence of intermediate amounts of
surfactant respectively. [M] is related to the total concen-
tration of the micelle and is calculated using following
equation.

M½ � ¼ S � CMCð Þ
N

ð5Þ

Where S represents the surfactant concentration and
N is the aggregation number of the micelle. The N
values used in the calculation of [M] are 62, 60 and
143 for SDS, CTAB and TX-100 respectively [40]. As
seen in Fig. 4, a typical plot of (I∝-I0)/(It−I0) versus 1/[M]
following Eq. 4 shows linearity. The measured Keq values
are enlisted in Table 1. The Keq values follow the order of
the micelle SDS<CTAB<TX-100. In non-ionic micelle,
the Keq value is high due to the more stabilization of the
CT probe in the micellar environment compared to other
ionic micelles. Due to very thick (25Å) palisade layer,
most of the molecule may reside in this layer of the neutral
TX-100 micelle whereas the fluorescent probe may reside
in the interfacial region of SDS and CTAB as they have
significantly thinner (6–10Å) Stern layer. On the other
hand, binding constant of EDMANAwith CTAB is higher
than SDS because the head group of SDS in the Stern
layer is more hydrated than that of CTAB. From the Keq

values, the free energy changes (ΔG0 = −RTlnKeq) for the
probe-micelle binding interaction in different micelles
have been calculated at 293 K and the corresponding
values are tabulated in Table 1. The free energy change
clearly indicates that incorporation of probe inside the
micelle cage is a spontaneous process.

Fig. 2 Fluorescence emission spectra (1ex=350 nm) of EDMANA in
micellar solution containing different concentrations of a SDS, b
CTAB and c TX-100 at room temperature

J Fluoresc (2012) 22:289–301 293



Determination of Critical Micelle Concentration

Long chain surfactant molecules form micellar aggregates
at the critical micelle concentration (CMC) and hence the
microenvironments before and after CMC are quite differ-
ent. Herein, EDMANA has been used to estimate the CMC
values for the three surfactants and the typical plots of
fluorescence intensity variation with surfactant concentra-
tion and the estimated CMC values are shown in Fig. 5 and
are reported in Table 3. As can be seen in Table 3, the
obtained CMC values using EDMANA as probe are in
good agreement with the literature value [27].

Micropolarity Surrounding the Fluorophore in the Micellar
Environment

As the determination of the polarity of the microenviron-
ment in which the probe is located has great importance in
biological systems, attention has been drawn to that

direction using the ET(30) empirical solvatochromic scale
[41]. Since the CT emission maxima shifts in the range
~17–30 nm in the micellar media and the CT emission is
~48 nm red shifted on changing the solvent from 1,4-
dioxane to water, we can easily assume that the polarity
around the probe in the micellar environment is intermediate
between the polarities of water and 1,4-dioxane. A correla-
tion is obtained from the plot of 1max(em) of the probe in
different composition of 1,4-dioxane-water mixture against
ET(30) value. As shown in Fig. 6a, the emission maxima
correlate linearly well with ET(30) values (R=0.988).

lmaxðemÞ ¼ 375:3þ 2:374ET ð30Þ ð6Þ

Substituting the 1max(em) values for SDS, CTAB and
TX-100 in Eq. 6 we have determined ET(30) values for three
micelles and the values are 54.2, 51.7 and 49.2 kcal/mol
respectively. Similarly, sharp changes occur in the
correlation of the emission maxima of 1,4-dioxane-water

Table 2 Fluorescence decay parameters of EDMANA in different micellar media at room temperature (1ex=340 nm, 1em=500 nm).

Medium a1 C1 (ns) a2 C2 (ns) Cavg (ns) # 2 kr (109 s−1) knr (1010 s−1)

SDS (20 mm) 1.0 0.162 – – 0.162 1.18 0.185 0.599

CTAB (20 mM) 0.613 0.122 0.387 0.253 0.173 1.13 0.239 0.554

TX-100 (20 mM) 0.999 0.262 0.001 4.38 0.267 1.07 0.166 0.358

Fig. 3 Time resolved fluores-
cence decay of EDMANA in
micellar media with 1ex=
340 nm and 1em=500 nm with
the corresponding best fitted
residuals.
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Fig. 5 Variation of fluorescence intensity of EDMANA as a function
of concentration of a SDS, b CTAB and c TX-100

Fig. 4 Plot of (I∝−I0)/(It−I0) against [M]−1 in a SDS, b CTAB and c
TX-100
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mixture with its dielectric constant as revealed in Fig. 6b.
Table 4 gives the ET(30) and ε value of the micelles. From
this study it is clear that the polarity of the microenviron-
ment near the probe binding site is in the order of
SDS>CTAB>TX-100 and hence CT emission of this
molecular probe can be used for the measurement of
micropolarity at the probe binding site. All the above
observations indicate that the probe EDMANA resides in
the interfacial region of micelle as the ET(30) and ε values
of the probe in different micelles are higher than those of
1,4-dioxane (ET(30)=36 kcal/mol, ε=2.2) but lower than
those of water (ET(30)=63 kcal/mol, ε=78.48).

Microviscosity of the Micellar Environment Around
the Probe

As EDMANA undergoes twisted intramolecular charge
transfer process in the excited state, any restrictions
imposed on the excited state torsion of the fluorophore is
expected to reflect in its emission behavior [31]. The plot of
the fluorescence quantum yield data (ΦF) versus viscosity
(η) for the probe in water-glycerol mixtures shows that it is
sensitive to viscosity (Fig. 6c) with a good linear
relationship (R=0.996). Substituting the corresponding data
for EDMANA in SDS, CTAB and TX-100 in Eq. 7

6F ¼ 0:012þ 0:002h ð7Þ
the obtained values of viscosity are 7.672 cP, 11.075 cP and
11.890 cP, respectively, representing high viscous medium
inside the micelles core.

CPCL Induced Fluorescence Quenching Study

To probe the location of the fluorophore in the micellar
environment, we have studied the fluorescence quenching

behavior of the encapsulated probe using cetyl pyridinium
chloride (CPCL) as a quencher. The idea behind these

Table 3 CMC values of different micelles in absence and presence of
urea using EDMANA as fluorescence probe

Medium CMC (at 0 M urea) CMC (at 6 M urea)

Measured
value (mM)

Literature
value (mM)

Measured
value (mM)

Literature
value (mM)

SDS 6.60 7.80 [27] 11.90 12.00 [32]

CTAB 0.82 0.94 [27] 1.53 1.36 [32]

TX-100 0.25 0.26 [27] 1.18 1.50 [33]

Fig. 6 Plots of the emission band maxima (1max(em)) of EDMANA
versus a ET(30) and b dielectric constant (ε) on 1,4-dioxane-water
mixed solvent. c Variation of fluorescence quantum yield (ΦF) of
EDMANA as a function of viscosity (η) of the glycerol water mixture
(0%, 30%, 40%, 50%, 60%, 70% of glycerol). The corresponding
parameters of SDS, CTAB and TX-100 are shown in the figures

b
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measurements is that quencher with properties similar to the
surfactant offers important advantages of ideal mixing over
the more conventional quenchers like Cu2+, I- etc. The
quencher, CPCL mixes ideally with the surfactants in the
micelle and may enter into the Stern layer thereby causing
fluorescence quenching. Here hydrophobic interaction
plays the main role other than electrostatic forces. The
fluorescence quenching was analyzed by the well known
Stern-Volmer equation,

F0

F
¼ 1þ KSV Q½ � ¼ 1þ kqt½Q� ð8Þ

Where F0 and F are the fluorescence intensities of the
fluorophore in absence and presence of the quencher,
respectively. KSV and kq are the Stern-Volmer constant and
quenching rate constant of EDMANA respectively, C is the
lifetime of the probe in respective micellar microenviron-
ment in absence of quencher and [Q] is the concentration of
the quencher. As illustrated in Fig. 7, the plots of the relative
fluorescence intensity versus quencher concentration are
found to be linear. The obtained KSV values as well as kq
values follow the order SDS<TX-100<CTAB (Table 4). The

quenching experiments clearly suggest that the fluorescing
moiety is accessible to the quencher. The quencher resides
at the Stern layer and has very low solubility near the
micellar core region. If the fluorophore be located in the
micellar core, there should be no appreciable fluorescence
quenching due to unavailability of the quencher near the
fluorophore. So EDMANA does not penetrate into the core
of the micelle, rather it resides in the micelle-water
interfacial region showing CPCL induced fluorescence
quenching phenomenon.

In the excited state, the ICT state of EDMANA has
calculated dipole moment of 13.67D [31]. When the charge
is transferred from the donor to the acceptor part of the
probe, the –NMe2 group will carry more positive charge
and the acceptor part will carry more negative charge. Since
in SDS micelle, as seen in Scheme 2, the Stern layer
contains negatively charged head groups and the Gouy-
Chapman layer contains positively charged counter ions,
the donor moiety try to reside in the Stern layer and the
acceptor part in the Gouy-Chapman layer. In case of
cationic micelle, CTAB, the electron donor –NMe2 group
resides in the Gouy-Chapman layer and the electron
acceptor part will be located near the Stern layer. The
possible orientations of EDMANA in ionic micelles have
been pictured in Scheme 2. In case of TX-100, due to very
thick palisade layer, the probe tends to reside in this layer of
the micelle. It is further supported by the fact that ET(30)
and ε value of EDMANA in TX-100 micelle are lower
compared to that of ionic micelles (Table 4). So the
fluorophore in TX-100 resides in less polar environment
than SDS and CTAB.

Effect of Urea on Micelle-Probe Interaction

Urea, the well known denaturant of proteins, are very
efficient as modifiers for the properties of aqueous
solution. Since micelle formation arises as a result of a
balance between hydrophobic and hydrophilic interac-
tions, it is not surprising that urea has pronounced
influence on the properties of micellar solution. There
are some controversies about the mechanism on the
action of urea on micelle. Does urea play as “water
structure breaker” [42] or it displays some water mole-
cules from the microenvironment of protein or micelle

Fig. 7 Plot of relative fluorescence intensity of EDMANA in SDS
(10 mM), CTAB (2 mM) and TX-100 (2 mM) as a function of the
concentration of CPCL

Table 4 Dielectric constant
(ε), Micropolarity ET(30),
Microviscosity, and Quenching
parameter of EDMANA in
different micelles

Medium ET(30) (kcal/mol) Dielectric constant (ε) η (cP) KSV (103 M−1) kq (10
12 M−1s−1)

Water 63 78.48 – – –

SDS 54.2 31.94 7.672 0.61±0.06 4.01±0.39

CTAB 51.7 22.9 11.075 1.15±0.08 6.16±0.43

TX-100 49.2 16.4 11.890 1.07±0.08 4.21±0.31
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[43]? Although the former mechanism one is most
accepted, but some theoretical and experimental reports
contradict it thereby favoring the second opinion [44, 45].
The effect of urea on micelle is still a topic of debut and
demands further investigation. Here, we have studied the
effect of urea on the micelle bound EDMANA to gain
further insight into photophysical modulation of micellar
media in presence of chaotropes.

As shown in Fig. 8, addition of urea on micelle-bound
probe decreases the fluorescence intensity suggesting that
the fluorophore is discarded from the Stern layer to the bulk
aqueous phase. This is consistent with other studies [44, 45]
which indicates that urea changes solvation of hydrophobic
group by displacing water molecules from surfaces. This
perturbation of the nanocage environments desolvates some
of the guest molecules and throws it out of the micellar
media. The effect of urea in anionic micelle SDS is little bit
different from those in CTAB and TX-100 micelle. It is
clear from Fig. 8 that the changes in fluorescence intensity
and fluorescence emission maxima remain more or less
unaffected in SDS micelles whereas in case of CTAB and
TX-100 sharp changes occur in both cases. We know that
SDS with compact head group experiences smaller water
penetration compared to the larger head group area such as
CTAB and TX-100. For that reason, the fluorophore
adjacent to the microheterogeneous environments are
expelled more efficiently from the CTAB and TX-100
micelles than SDS micelle.

Effect of Urea on CMC of the Micelles

The change of CMC of the surfactant with a certain urea
concentration has been followed here as it has already been
reported that urea increases the CMC values of ionic and
non-ionic surfactants [32, 33]. Figure 9 shows the variation
of fluorescence intensity of EDMANA bound to SDS,
CTAB and TX-100 micelles in 6 M urea. In the presence of
this chaotrope, the slope change occurs at a concentration
higher than that in the absence of urea thereby increasing
the CMC values. The CMC value increases by a factor of
~2 for SDS and CTAB and ~5 for TX-100. The increase in
CMC with 6 M urea concentration can be attributed to the
ability of urea to weaken hydrophobic force responsible for
the formation of the micelle assembly in the aqueous
solution.

Conclusion

In this work, we have investigated photophysics of donor
acceptor charge transfer molecule EDMANA inside the
micellar nanocages and shown that this polarity sensitive
probe serves as an excellent reporter for micellar micro-
environments. The CT emission is found to be modulated
much more by the media than the LE emission. The
changes in viscosity and tight binding of the probe with
micelles deactivate the non-radiative decay channels thereby

Scheme 2 Approximate location
of the probe EDMANA in
aqueous solution of cationic
and anionic micelles
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increasing fluorescence intensity, quantum yield and influ-
ence other excited state properties. The micelle probe
interaction and the location of the probe at the micelle-
water interfacial region are ascertained by a variety of
spectral parameters like ET(30), dielectric constants, micro-
viscosity, binding constant, quenching parameters and non-
radiative rate constant. All these studies infer that in anionic
micelle the donor part of the target molecule resides in the
Stern layer and the acceptor part remains bound in the
Gouy-Chapman layer and the position of the probe in
CTAB is just opposite to that in SDS. In case of TX-100,
the probe EDMANA resides in the palisade layer due to its
thickness (25Å) thereby showing large extent of blue
shifting and quantum yield value. The denaturant urea
influences the binding interaction between probe and
micelles. The increase of CMC of micelles in presence of
urea by weaken of hydrophobic force has been studied by
this CT fluorescence probe.

Fig. 8 Fluorescence spectra (1ex=350 nm) of micelle-bound EDMANA
as a function of added urea in a 10 mM SDS and b 2 mM CTAB

Fig. 9 Variation of fluorescence intensity of EDMANA in the
presence of 6 M urea as a function of concentration of a SDS, b
CTAB and c TX-100
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