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Abstract

The effect of variation of pH of different (non-ionic, anionic and cationic) micellar media on the photophysics of 2-hydroxy 1-naphthaldehyde
(HNL) as monitored through its anionic band variation has been deliberated. Cationic micelle facilitated anion emission of HNL gets enhanced
with increase of pH but the neutral emission remains the same. Addition of acid in cationic micelle causes a decrease in anion band intensity
along with a blue shift while no such effect was observed in anionic or non-ionic micelles. Guest HNL is found deeper in non-ionic micelle
and also the barrier for formation of anion conformer is increased. A possible drifting of guests from bulk water to micellar interior in anionic
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nd non-ionic micelle is indicated through decreased anion band intensity. Addition of salt in the medium has the same effect on emission
s with addition of base. In anionic micelle addition of salt causes to decrease the neutral band vastly and the anion band decreases due to
ombined effect of increased non-radiative decay rate and greater accessibility of HNL to hydroxyl ions in the interfacial region. Increase in
emperature lowers the anion emission band intensity due to decrease in aggregation number, which is substantiated by change of entropy in
he temperature range. With addition of base the lifetime of anion band is decreased in anionic and non-ionic micelles due to lower polarity
n micelle while a marginal increase is observed in cationic micelle as the micelle itself promotes anion formation.

2005 Elsevier B.V. All rights reserved.
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. Introduction

Photophysical and photochemical study in confined orga-
ized environments and at various interfaces play a vital role
n many natural and biological processes [1]. Micelles are
ne of such organized environments. The most important
roperty of such compartmentalized micellar media is that
hey have the ability to concentrate guest molecules into
elatively small effective volumes and then to promote the
e-encounter of such molecules [2–4]. This property also
akes them a good device for inducing efficient electrostatic

nteractions between the micelle head groups and the guest
olecules as well as strong hydrophobic interactions [5,6]

f these molecules with the micelle chains. Many ultrafast
rocesses become significantly affected in different micellar

∗ Corresponding author. Tel.: +91 33 24734971; fax: +91 33 24732805.
E-mail address: spsc@iacs.res.in (S. Chakravorti).

media. Much attention has been given to the mechanism of
micelle-catalyzed reactions [2,4] but there are only a limited
number of studies of micellar effects on the proton trans-
fer reactions of hydroxy substituted guest molecules in the
ground and excited state [7–10].

In general aromatic amines, phenols and aldehydes
become more acidic in the excited state [11], while in the
ground state the molecule remains in the neutral form. When
it is excited it readily deprotonates to produce the anion in
the excited state from which the large Stokes-shifted emis-
sion originates [12]. Various environmental studies and pH
dependent ground and excited state study of 1-naphthol, 2-
naphthol and their derivative 2-hydroxy 1-naphthaldehyde
(HNL) and benzimidazoles have attracted considerable atten-
tion from spectroscopic point of view [13–17]. In a previous
study [17], we analyzed the prototropic behavior of HNL in
different solvents and found that protic polar solvent greatly
accelerates the production of ground state ion through strong

010-6030/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
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hydrogen-bonding solvation of this ion. It was also found
that the emission properties of HNL are sensitive to the sol-
vents in the form of appearance of a long wavelength band
with a concomitant decrease in neutral band as we move from
hydrocarbon to hydroxylic solvents. In polar and non-polar
hydrocarbon solvents zwitterionic formation of the probe
HNL occurs in the excited state due to intramolecular proton
transfer but in polar protic and hydroxylic solvents formation
of anion occurs more faster than the neutral and zwitterions
form of the molecule. The effect is more prominent in pres-
ence of water. We observed the effects on the excited state
proton transfer process (inter- and intramolecular) of HNL in
different ionic and non-ionic micelles [18]. In aqueous solu-
tions when a micellar aggregate is formed and the probe HNL
binds to the micellar aggregate, it is partially shielded from
bulk water and the absorption and emission properties of the
molecule change. The emission bands of HNL get modu-
lated when it binds to the different types of micelles and it is
characterized by the properties of micelles.

It was found [17,18] that depending on both the solvent
and micellar polarity, acidity and basicity HNL exists in
the form of anion or in neutral form. In cationic micelle
cetytrimethyl ammonium bromide (CTAB) the anion band
intensity increases with the increase of micellar concentra-
tion both in ground state and excited state. Thus, we predicted
that cationic (CTAB) micelle promotes the formation of anion
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mide and Tween 20 were used as received from Fluka or
Aldrich Chemicals, USA. The inorganic salt KNO2 was pur-
chased locally and was of analytical grade. Triethylamine
(TEA) and sulfuric acid (H2SO4) (E Merck, spectroscopic
grade) were used as supplied but only after checking the
purity fluorimetrically in the wavelength range of interest.
The concentration of HNL used in all experiments was about
10−5 M and the emission was corrected for all the optical
components. For measuring absorption and emission spectra
deionized water (Millipore) was used. For all molecular solu-
tions we took the miceller concentration very much above
the ‘critical micellar concentration’ (CMC) values for all
micelles. Before the spectral measurement generally we kept
the miceller solution for 5–6 h for better equilibration, even
for overnight in some cases. The absorption spectra at 300 K
were recorded with a Shimadzu spectrophotometer (Model
UV-2401 PC) and the emission spectra were obtained with
a Hitachi F-4500 spectrophotometer. The quantum yields
were determined by using a secondary standard method with
recrystallized �-naphthol in MCH (ϕf = 0.23) as reference.
The following relation was used for calculating the quantum
yield,

ϕ2 = ϕ1

[
α1A2E1n2

2

α2A1E2n1
2

]

where subscripts 1 and 2 refer to the standard and the
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hrough an electrostatic interaction while the fast deprotona-
ion of the probe molecule (HNL) is significantly retarded
nside anionic (Sodium dodecyl sulfate, SDS) and non-ionic
Tween-20, TW-20) micelles. In SDS, the intensity of anion
mission decreases than the neutral emission, whereas in
W-20, both the band intensity uniformly increases. Since

he polarity of micelles bring about dramatic effects on UV
bsorption and fluorescence behavior of anionic form of
robe HNL so this anion must be an excellent probe for
nspecting the interaction with micelles of inhomogeneous
nvironments. There are many studies on excited state charge
ransfer process in different organized media [19–21] and
lso many charge transfer phenomenon have been studied in
resence of different kind of additives (acid, base salt, etc.)
5,6], but there have been very little study on the effect of
icelles and additives on the ultrafast deprotonation [7,18] of
olecules like HNL. In the present paper, we would explore

he binding of probe HNL to micelles (cationic, anionic and
on-ionic) and the dramatically affected dynamics of anionic
pecies (excited state intermolecular proton transfer) and
pectral properties due to the presence of different additives
ith the help of time resolved and steady state emission and

bsorption spectroscopy.

. Experimental details

2-Hydroxy 1-naphthaldehyde purchased from Fluka was
urified by recrystallization followed by vacuum sublima-
ion. Sodium dodecyl sulfate, cetyltrimethyl ammonium bro-
nknown molecule, respectively, ϕ’s the fluorescence quan-
um yields, α’s the optical densities at the same excitation
avelength, A’s the spectral energy distribution of the emis-

ion monochromator and n’s are the refractive indices of the
espective solvents. For corrected emission spectra, E1/E2
s reduced to unity. For lifetime measurement the sample
as excited with picosecond diode (IBH Nanoled-07). The

mission was detected by a magic angle polarization using
amamatsu MCP photomultipher (2809U). The time corre-

ated single photon counting (TCSPC) set up consists of an
rtec 935 QUAD CFD and a Tennelec TC 863 TAC. The
ata is collected with a PCA3 card (Oxford) as a multichan-
el analyzer. The typical FWHM of the system response is
bout 80 ps.

. Results and discussions

.1. Absorption

In an earlier paper [17], it was observed that the protic sol-
ent, water or alcohol containing base (TEA) promotes the
ormation of FTNL anion in the ground state which shows a
and at ∼395 nm through the strong intermolecular hydrogen
onding between solute and solvent as evinced by the band
t ∼410 nm. Similar to hydroxylic solvent, in cationic micel-
ar environment (CTAB) the molecule shows same type of
ffects. But in anionic (SDS) and non-ionic (TW-20) micel-
ar media the higher wavelength absorption band at ∼410 nm
otally disappears [18]. In the ground state, the acid and base
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Fig. 1. Electronic absorption spectra of HNL in (a) SDS and in the presence of base (TEA, range of TEA = 0 − 4 × 10−4 mol dm−3), in presence of acid (H2SO4,
range of acid = 0 − 4 × 10−5 mol dm−3); (b) in CTAB and in the presence of base (TEA, range of TEA = 0 − 4 × 10−4 mol dm−3), in presence of acid (H2SO4,
range of acid = 0 − 4 × 10−5 mol dm−3); (c) Benesi–Hildebrand plot for the formation of HNL (2 × 10−5 mol dm−3) derived anion in aqueous SDS solution in
presence of base TEA.

effect in the micellar media of the molecule shows some inter-
esting results. The absorption spectra of UNL at different
acid and base concentration have been studied in different
micelles. Fig. 1a and b depicts the effect of base and acid con-

centration on the absorption spectra of HNL in 30 mM SDS
and in 8 mM CTAB as a representative plot. All the exper-
imental data are shown in Table 1. In fully micellized state
of SDS, the band due to intermolecular hydrogen bonding at

Table 1
Absorption and emission maxima and binding constants (K) in different micelles

Media Absorption band maxima (nm) Emission band maxima (nm) Binding constant

Normal band Anionic band (102 M−1)

Water 407 360 318 345 455
CTAB 407 364 318 348 467 230
CTAB + TEA 398 – 315 348 468
CTAB + H2SO4 – 360 319 348 436
SDS – 362 321 337 435 255
SDS + TEA 391 – 315 338 451
SDS + H2SO4 – 361 320 338 435
TW-20 – 358 318 335 447 375
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410 nm totally disappears but due to addition of base a new
band arises at 412 nm. Increasing base concentration further
this band intensifies with a blue shift at ∼392 nm and there is
a parallel decrease of lower wavelength band at 362 nm with
increase of base concentration (Fig. 1a). An isosbestic point
could be observed at 369 nm between the bands. Large value
of molar extinction co-efficient at higher wavelength side in
all the micelles clearly establish that the lowest energy tran-
sition in HNL is of � → �* nature. Blue shift observed in
the absorption spectrum establish the formation of anion by
deprotonating the OH (Fig. 1a). In the base (TEA) induced
absorption, the spectral changes of the molecule accompa-
nied by the appearance of isosbestic points and the formation
of 392 nm band confirm the exclusive formation of the cor-
responding anion. The changes in the absorbance (�A at
410 nm) as a function of TEA concentration ([TEA] � 1),
where [TEA] refer to the initial concentration of TEA, can
be related to Eq. (1) which is frequently utilized as the
Benesi–Hildebrand expression [22,23]

�A = K�ε[HNL][TEA]

1 + K[TEA]
(1)

1

�A
= 1

�ε[HNL]
+ 1

K�ε[HNL][TEA]

where �ε is the difference in molar absorption coefficient
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ionic micelles. In the absence of additives more than 90%
of HNL guests are present in undissociated forms within the
micellar phase and we may be allowed to expect that the loca-
tion and orientation of this bichromorphic guest molecule
in the micellar host be reflected in the dependence of their
fluorescence intensities on the CTAB, SDS and TW-20 con-
centration [18]. HNL guest has the carbonyl and hydroxyl
substitutions and exhibits two bands at 345 and 448 nm when
micelles are absent [17]. In the presence of cationic micelle
CTAB the fluorescence intensity of anion derived from HNL
intensifies with red shift around 20 nm along with an increase
in intensity in the normal 345 nm emission band. Above
CMC of CTAB the neutral (345 nm) and red shifted anion
(470 nm) conformer exhibit 4- and 23-fold increase in emis-
sion intensity, respectively. Totally opposite effect is observed
in anionic micelle SDS. Above CMC of SDS the intensity of
neutral emission increases by nearly 30 times with a blue shift
compared to the emission band without SDS and the anion
emission intensity falls from 3.7 to 0.37 times compared to
that of neutral emission intensity [18]. The ratio of neutral
and anionic emission changes from 0.33 to 2.5, from normal
condition to fully micellized condition in SDS, whereas in
TW-20 above CMC there is a very significant increase in the
intensity of the neutral emission, nearly 14 times and along
with this the anion emission exhibits 10 times enhancement
[18]. Measured CMC values (for SDS, Fig. 2a) in all micelles
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etween the anion and [HNL] at a given wavelength and
is the equilibrium constant of the reaction. A good lin-

ar fitting of double reciprocal plot (Fig. 1c) between �A−1

ersus [TEA]−1 confirms that there is equilibrium between
ormal form and anionic form of the molecule [23]. From
he intercept and slope of the plot K is evaluated to be
45.2 × 102 M−1. It is observed that by adding acid in the
ully micellized solution no such change occurs but only a
light increase in absorbance occurs in the higher energy
ands. Same type of result occurs in the other micellar
edium TW-20. Previously we observed that CTAB itself

romotes the anion formation [18] in HNL and the 415 nm
and intensifies with a blue shift to 399 nm by adding base
n CTAB, whereas there is a decrease in intensity of 363 nm
and. Addition of acid causes the band at 410 nm to totally
isappear while the other two higher energy bands become
ntensified (Fig. 1b).

No temperature effect could be observed in micellized
ondition for HNL in the ground state, but addition of inor-
anic salt such as KNO2 at a fixed pH affects in the same way
s base in both the ionic and non-ionic micelles.

.2. Emission

It has been found that water molecules are greatly involved
n the rate-limiting step for the prototropism of HNL in the
xcited singlet state and greatly accelerates the photody-
amics through the hydrogen-bonding solvation of both the
tarting HNL and its anion [17]. Earlier [18] we described the
olubilization of HNL in different anionic, cationic and non-
stablish that the fluorophore (HNL) could be employed as
new fluorescent probe for micellar onset in aqueous solu-

ion (Table 1). To have an idea of how strongly the emitting
pecies is bound to the non-polar micelles, a quantitative esti-
ate of the binding constants (K) of the emitting species

ave been calculated from the fluorescence intensity depen-
ent data on surfactant concentration following relation (2)
erived by Almgren et al. [24]

I� + I0

IC − I0
= 1 + {K[M]}−1 (2)

here I�, I0 and IC are the corresponding emission intensity
f HNL under complete micellization, absence of surfactants
nd in presence of intermediate concentration of surfactants,
espectively. [M] is related to the surfactants concentration
S) and aggregation number (N) following the relation (3):

M] = S − CMC

N
(3)

The value of N is taken as 60, 62 and 83 for SDS, CTAB
nd TW-20, respectively [19,25]. Fig. 2b shows a typical plot
f (I� − IC) versus (IC − I0)/[M] for the neutral band of HNL
n SDS and from the slope of the fitted straight line we can
alculate the binding constants (K) of the state. It has been
oted that binding constant is very high in non-ionic micelle
375 × 102 M−1) compared to the one calculated in the ionic
icelles (230 × 102 M−1 in CTAB, 255 × 102 M−1 in SDS)

Table 1). Various shifts and enhancement or abatement of
mission and absorption bands in three micelles surely indi-
ate that the location of the emitting fluorophore may not
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Fig. 2. (a) Variation of relative intensity of emission of HNL in aqueous
solution with SDS concentration, inset shows the full range of variation of
relative intensity with concentration; (b) plot of (I� − IC) vs. (IC − I0)/[M]
in SDS medium.

be same in all the three micelles. From the ratio of neutral
and anionic emission bands in micelle (CTAB) compared to
free water we observe 10 times enhancement of the anion
emission than the neutral emission. Such enhancement of

the anion emission is possibly due to the combined effect of
increased non-radiative conversion to anionic form from the
neutral one and also the reduction in the non-radiative rates
of the anionic conformer to ground state inside the cationic
micelle. Compared to CTAB and SDS the Stern layer is very
much thin in non-ionic micelle (TW-20). Due to this thin-
ness of the Stern layer the probe HNL remains partially in
the GC layer while in TW-20 the probe is almost entirely
confined to the much thicker Stern layer. The inherent posi-
tive charge of CTAB is expected to cause the lowest proton
concentration and highest hydroxyl ion concentration in its
immediate vicinity, which is in GC layer, and due to this
effect the deprotonation rate, is facilitated in CTAB micelle.
In SDS micelle, the local hydroxyl ion concentration around
HNL in GC layer is lower than CTAB. This leads to slower
rate of deprotonation and consequently the higher intensity of
neutral emission. In fully micellized state of SDS the neutral
emission band increases roughly 10 times than anionic emis-
sion. The relative enhancement and blue shift of neutral band
compared to anionic band in TW 20 is due to reduced rate
of transition from neutral state to anionic state as energy bar-
rier for formation of anion increases with decrease of solvent
polarity. The effective diffusion coefficients of the probe HNL
in the micellar media have been calculated from the equation

R
200A

√
Dt

w
t
D
d
w
g
m
c
o
l
fl

Scheme 1
=
V π

(4)

here R is the percentage of probe released, A the cross sec-
ional area of the cell, V the volume of mixture, t the time and

is the diffusion coefficient. From the values of the different
iffusion coefficients in different micellar media (Table 2),
e may conclude that diffusion to anionic state in CTAB is
reater than SDS. In all three micelles, the excitation spectra
onitored at both the neutral and anion emission are identi-

al to the absorption spectra, which discards the possibility
f involvement of any impurity. The above findings estab-
ish that the fluorophore (HNL) could be employed as a new
uorescent probe for micellar onset in aqueous solution.

.



100 P. Chowdhury, S. Chakravorti / Journal of Photochemistry and Photobiology A: Chemistry 179 (2006) 95–104

Table 2
Fluorescence lifetime, quantum yield, radiative and non-radiative constants and diffusion constants in different media

Media Lifetime
τf (ps)

Quantum
yield (ϕf)

Radiative constant,
Kr (108 s−1)

Non-radiative constant,
Knr (109 s−1)

Diffusion constant,
D (10−5 cm2 s−1)

CTAB 174 0.028 1.6 5.58 4.36
CTAB + TEA 182 0.036 1.97 5.29
SDS 156 0.026 1.66 6.24 1.09
SDS + TEA 95 0.020 2.1 10.3
TW-20 27 × 102 0.027 0.11 0.35 2.85
TW-20 + TEA 205.4 0.018 0.87 4.78

In fully micellized state of cationic micelle CTAB, HNL
shows two red shifted fluorescence bands. On addition of
base we observed a further increase in the anionic emis-
sion band intensity/quantum yield with a ∼5 nm red shift
(Fig. 3a, change of pH 7 to 12), Table 2. The increase in
anion band intensity of HNL with addition of base is due
to hydrogen abstraction. Pure CTAB also brings about an
increase in anion emission of HNL. Thus, the reason for
much increase in HNL derived anion emission intensity in
base added fully micellized CTAB is two-fold. The repul-

sive electrostatic interaction of cationic head group of CTAB
and TEA·H+ after hydrogen abstraction would effectively
decrease the concentration of amine (Scheme 1) in micellar
cage. So in Gouy–Chapman layer the OH ion concentration
increases to facilitate the anion band intensity [6] (Fig. 3a).
The excitation at isosbestic point (369 nm) in absorption
spectra of base added HNL produces same type of emission
characteristics in respect of anion band as that with 280 nm
excitation. In Fig. 3 we have only presented the emission
spectra with excitation at 280 nm only to get the whole region

F
p
s

ig. 3. Fluorescence emission spectra (λexc = 280 nm) and fluorescence excitation
resence of base (TEA, pH 7–12); (b) in aqueous CTAB solution with absence of ac
pectra in aqueous SDS solution with presence of base (TEA) (λexc = 280 nm).
spectra monitoring at 450 nm of HNL (a) in aqueous CTAB solution with
id and with presence of acid (H2SO4, pH 6.5–2); (c) fluorescence emission
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of spectrum. The calculated non-radiative decay rate for the
anionic band tends to decrease in presence of base (Table 2).
Now with addition of acid (H2SO4) in fully micellized state
of CTAB completely opposite picture is found. The anionic
band intensity at 455 nm decreases with a blue shift in pres-
ence of acid but in the whole process the neutral band position
and intensity almost remains the same (Fig. 3b, change of pH
6.5 to 2). The excitation spectrum in Fig. 3a and b correspond-
ing to anionic band in micellized state and in presence of base
and acid clearly reflects the absorption spectrum which con-
firms that the fluorescence band at 455 nm is due to main
absorbing species in the ground state, which is intermolec-
ularly hydrogen bonded species. This points that the role of
acid is somehow to oppose the anion formation (Fig. 3b). This
may be due to the presence of positive ion of acid, the proton
concentration is increased and as a result the hydroxyl ion
concentration in the immediate vicinity of HNL decreases
and that consequently hinders the deprotonation process.

In the case of anionic micelle SDS, opposite picture is
observed with base addition. HNL shows that the intensity
of neutral band remains almost same while the anion band
intensity decreases a little with a 10 nm red shift (Fig. 3c, pH
upto 12) on addition of base in fully micellized condition.
Quantum yield also decreases in the basic medium compared
to the neutral medium. In ground state SDS does not pro-
mote the intermolecular hydrogen bonding (band at 410 nm
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Fig. 4. Variation of emission of HNL in addition of inorganic salt (KNO2) at a
fixed pH ∼6.5 (a) in CTAB solution and (b) in SDS solution (λexc = 280 nm).

TW-20 but distinct change could be observed in ionic micelles
[5]. Fig. 4a and b shows the KNO2 concentration depen-
dent emission spectra of HNL at fully micellized condition
in CTAB and SDS. The anion band intensity increases with
increase of KNO2 concentration along with a slight decrease
in neutral band intensity at fully micellized condition of HNL
in CTAB (Fig. 4a). In SDS again a different effect could be
observed. With addition of salt both the neutral and anionic
band intensity could be observed to decrease but the rate of
decrease of neutral band is larger than anion band (Fig. 4b).

Addition of inorganic salt, which acts mainly in the inter-
facial region, shows that in TW-20 the emission (neutral
and anion) remains unaffected. This suggests that the emit-
ting species is not available in the water–micellar interfacial
region.

In cationic micelle the neutral band intensity decreases
whereas anion band intensity increases with the addi-
tion of inorganic salt (Fig. 4a). Addition of inorganic salt
causes a reduction in the thickness of the ionic atmosphere
isappears in SDS) but in the presence of base a new band
rises at 412 nm due to anion formation. From this type of
xperimental result we can infer that in SDS the decrease
f anion emission is presumably due to the drifting of HNL
rom the bulk water to the interior of micelle. The decre-
ent of anion emission in the interior of micelle is due to the

act that hydroxyl concentration faces most significant high
ate of deprotonation process in presence of TEA in SDS.
his effect is clearly explained in later section. Almost same

ype of result was observed in TW-20 when base is added as
bserved in the case of SDS. However, we could not observe
uch spectral change in SDS and TW-20 solution with addi-

ion of acid. As the acid does not have any effect in the interior
f the micellar media, the unchanged spectral change in SDS
nd TW-20 points that the guest HNL stays interior part of
icelles.

.2.1. Effect of inorganic salt
With a view to study the effect of modulated electric field

n micelle on the proton transfer photophysics and also to get
n idea about the position of HNL inside different micelles
norganic salt was added in fully micellized condition. Addi-
ion of inorganic salt such as KNO2 was found to affect same
ay as the base in earlier section in both the ionic and non-

onic micelles in the ground state. To observe the location of
NL inside the micellar media we have studied the variation
f the emission properties of HNL with addition of salt in fully
icellized state. We made it sure in control experiment that
NO2 did not quench the higher wavelength band of HNL in
ater solution. Addition of salt does not show much effect in
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surrounding the polar head group and as a consequence of this
a decreased repulsion between them would ensue [26,27].
This effect is manifested in increase of aggregation num-
ber. And thus by addition of salt the electric field around
the hydroxyl group gets modified by the counterion binding,
thereby facilitate the production of hydroxyl ion concentra-
tion. This in turn causes an increase in anion emission and
decrease in neutral emission.

The change of emission band intensity due to the addition
of inorganic salt in ionic micelle implies that molecule resides
near the Gouy–Chapman layer [18]. In SDS due to addition of
salt the molecule cannot go to the inside of the core region of
micelle and consequently the local hydroxyl concentration
around the anionic SDS surfactants increases and does not
cause suppression of the deprotonation process, leading to
lowering of intensity of neutral emission band (Fig. 4b). The
deprotonation effect should lead to corresponding increase
in anion band intensity. But possibly due to the increase in
non-radiative rate (similar to addition of base in Table 2)
with addition of salt the corresponding increase in anion band
intensity is not observed.

3.2.2. Temperature effect
The spectral characteristics of HNL for the both bands

neutral and anion (formed by deprotonation of hydroxyl
group) in fully micellized state for both ionic and non-ionic
m
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Fig. 5. Fluorescence emission of HNL with variation of temperature
(10–60 ◦C) at a fixed pH ∼ 6.5 in (a) CTAB solution and (b) SDS solu-
tion (λexc = 280 nm), inset shows the fluorescence emission of anionic band
(λexc = 380 nm).

increasing the temperatures from 15 to 50 ◦C we observed
that the change in entropy (�S) for ionic micelles is larger
than change in �S for non-ionic micelle.

The above results in both the ionic micelles may be
explained as the increase of temperature causing a disrup-
tion of the structure of water around the hydrophobic groups
that in turn opposes the micellization and consequently the
anion emission intensity is diminished [28] (Fig. 5a). In TW-
20 with increasing temperature there is an increase of amount
of water trapped by the micelle, and thus a decrease in aggre-
gation number. So due to the decrease in rate of disruption
of water in TW-20 than ionic micelles the rate of decrease of
intensity of anionic band is lower in non-ionic micelle than
that in ionic one (Fig. 5b).

3.3. Time resolved studies

As we know that the lower accessibility of probe molecule
towards bulk water automatically implies slower deprotona-
tion rate but the actual situation depends on the probe used
icelles were recorded at different temperatures and are
escribed in Fig. 5a and b. Two different types of effects
ere observed in ionic and non-ionic micelles. In cationic and

nionic micelles with the increase of temperature from 20 to
0 ◦C it is observed that the anionic band intensity decreases
lot but the neutral band intensity almost remains the same

26] (Fig. 5a). A slightly different behavior was observed in
he case of non-ionic micelle TW-20. In TW-20, the anionic
and intensity also decreases with similar increase of temper-
ture but the rate of decrease in anion band intensity is lower
han that in the case of ionic micelle (Fig. 5b). From ther-

odynamics, we know the Gibb’s equation as G = H − TS,
here H is the enthalpy, S the entropy and T is the absolute

emperature. Using the above relation in micellar state we get
27]:

G = RT ln CMC (5)

nd

=
(

δG

δT

)
V

(6)

Again we know

H = R{δ/δ(1/T ) ln CMC}P (7)

So from Gibb’s equation, the entropy change

S = �H − �G

T
(8)

sing Eqs. (5)–(8) we calculated the change in entropy values
n the three micelles for two different temperatures. With
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in the medium. Many groups described the ESIPT process of
different probe molecules in different media [29,30]. Robin-
son et al. [31] showed that the deprotonation rate monoton-
ically decreases as the alcohol content increases in aqueous
solution of the probe 1-naphthol. The reduction of ESIPT in
these cases may be due to a less polar and less protic microen-
vironment than bulk water. Dramatic increase in anion band
lifetime (more than 10 times) of HNL in TW-20 compared to
that aqueous solution was observed while there is a marginal
increase in lifetime of anion band in ionic micelles (Table 2).
Time resolved data confirm the steady state emission results
in micelles [18].

Lifetime of HNL was measured at different concen-
trations of each micelle monitoring at 450 nm band and
excited at 405 nm. It is very difficult to extract meaningful
decay time data in inhomogeneous micellar systems, as the
probe molecule HNL may exist in different locations that is,
bulk water, micelle–water interface or hydrocarbon core of
the micelles [32]. Obviously, the decay of the emission is
expected to be multiexponential. To minimize the contribu-
tion of free HNL in bulk water all the decays were recorded
at a concentration much higher than the ‘CMC’ of the sur-
factants when whole probe molecule HNL remains bound to
the micelles. Fluorescence decay curves of HNL in 100 mM
SDS, 64 mM CTAB and 24 mM TW-20 in aqueous solu-
tions are shown in Fig. 6a–c by exciting the solutions at
4
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Fig. 6. Fluorescence decay of 2 × 10−5 mol dm−3 HNL in (a) 20 M CTAB;
(b) 70 M SDS; (c) 10 M TW-20; with λem = 450 nm and λex = 405 nm.

compared to that of free molecule HNL [17]. Compared to
water the excited state deprotonation rate is intensified gen-
erally in all micelles but that is pronounced only in ionic
micelles. In presence of base a substantial decrease in the
intensity and lifetime of the anion emission is observed in
TW-20 (Fig. 6c). This reduction in the deprotonation rate may
be ascribed to the lower polarity of the micellar media and
the lower accessibility of the HNL molecule encaged in the
micelle to the water molecules. Similar dramatic reduction in
the rates of other ultrafast processes was observed earlier in
many organized media [33,34]. Opposite to this is observed
in CTAB, the lifetime of anionic emission band increases
marginally in case of fully micellized state of HNL with addi-
tion of base (Fig. 6a; Table 2). This is because cationic micelle
05 nm and monitoring the decay at the fluorescence max-
ma. The decay curves followed a single exponential decay
n anionic micelles and biexponential in non-ionic micelle,
able 2. Probably in non-ionic micelle not all the HNL
olecules are inside the hydrocarbon core and some con-

ribution of HNL in micelle–water interface makes the decay
i-exponential.

It is seen that in CTAB the lifetime of the decay of the anion
mission is 175 ± 10 ps, which is nearly two times than that
n alcohol (Fig. 6a). In SDS, it is observed that anionic part
ecays with lifetime 156 ± 20 ps (Fig. 6b). In neutral TW-20,
he lifetime of the decay of HNL anion emission is found to
e 2 ± 1 ns (Fig. 6c).

Single exponential decay indicates that the probe fluo-
ophore is present at one site of the micelle and that is
ompletely solubilized. The values of the radiative (Kr) and
on-radiative (Knr) decay constants can be calculated from
he following relations:

r = ϕf

τf
, Knr = 1

τf
− Kr

alues of ϕf, τf and decay constants are complied in the
able 2. The increase in the fluorescence quantum yield and

ifetime clearly indicates that the rates for the non-radiative
rocesses diminish in the micelles. Addition of base in CTAB
akes nearly no change in anionic band lifetime but in SDS

nd TW-20 the lifetime reduces drastically in presence of
ase (Table 2; Fig. 6a–c).

For non-ionic micelle very long lifetime is observed
hereas, for ionic micelle the lifetime increase is not much
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CTAB itself promotes the deprotonation process and the pres-
ence of base facilitates this promotion also a reduction in the
non-radiative rate of the anion inside the micelle in general
compared to solution helps to increase the lifetime in CTAB.

4. Conclusion

Based on the above results and discussion our present
work demonstrates the probing of anionic (SDS), cationic
(CTAB) and non-ionic (TW-20) micelles in presence of dif-
ferent additives with the help of HNL utilizing the environ-
mental sensitivity of its normal and anionic bands. Computed
values of binding constants reveal that in non-ionic micelle
the binding is strong as probe HNL tries to enter in the core
region and in ionic micelles lesser penetration is indicated.
The non-radiative decay rate decreases in presence of base in
fully micellized state of CTAB, as evinced from intensifica-
tion and red shift of anionic band. Acid effect only opposes
the deprotonation rate in cationic micelle. In anionic (SDS)
and non-ionic (TW-20) micelles presence of base causes an
increase in non-radiative rate from anionic state while the
neutral emission remains almost the same. Addition of salt
causes proliferation of hydroxyl ion concentration due to
counterion binding in modified electric field around hydroxyl
g
s
t
c
l
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S
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i
e
m
b
a
o
a
a

A

o

ing them to use the picosecond lifetime measurement
instrument.
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