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We describe a method to determine the critical micelle concentration (CMC) of low molecular weight sur-
factants and amphiphilic diblock copolymers in water based on the use of the fluorescent dye coumarin
153 (C153). The method is based on the measurement of the fluorescence intensity, solvatochromic shift
and fluorescence anisotropy of C153 and was tested with the low molecular weight surfactants SDS, CTAB
and Triton X-405 in water, for which we obtained, within the experimental error, CMC values identical to
those previously published. The method was further used to determine the CMC of a family of poly(N-
decylacrylamide)-b-poly(N,N-diethylacrylamide) amphiphilic block copolymers synthesized by RAFT
polymerization, with an equal poly(N-decylacrylamide) hydrophobic block length and increasing
poly(N,N-diethylacrylamide) hydrophilic block lengths. By measuring the fluorescence anisotropy of
C153 in block copolymer aqueous solutions, it is also possible to detect the formation of pre-micellar
aggregates at concentrations below the CMC. The dye C153 is more appropriate than pyrene to study
self-assembly in water, where pyrene forms ground and excited state aggregates at very low concentra-
tions. Furthermore, C153 is an excellent anisotropy probe with a very high limiting anisotropy (0.375)
that can be used to determine the CMC, detect the presence of pre-micellar aggregates, and evaluate
the fluidity of the hydrophobic core of block copolymer micelles.

� 2011 Elsevier B.V. All rights reserved.
1. Introduction

Above a critical concentration, amphiphilic molecules sponta-
neously self-assemble in aqueous solutions to form aggregates of
various morphologies [1–4]. Small surface active amphiphiles (sur-
factants), can be either ionic (cationic, anionic, and zwitterionic) or
non-ionic, and usually form spherical micelles above a critical mi-
celle concentration (CMC). The micellization results from the bal-
ance of the hydrophobic attractions (the hydrophobic effect
leading to the association of the hydrocarbon chains to minimize
the interactions with water) [4–6], and the ionic or steric repul-
sions between the ionic or hydrophilic head groups. The micelles
are stabilized in water by the favorable interactions between the
hydrophilic groups and the water molecules forming a stable hy-
drated shell between the hydrophobic core and the bulk water.
For ionic surfactants, the shell surrounding the core is a charged
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diffuse Guoy–Chapman layer, while for the non-ionic surfactants
it is a hydrated ‘‘hairy’’ palisade layer [3,7].

Linear amphiphilic diblock copolymers also self-assemble at a
critical concentration in selective solvents (i.e. good for one block
and poor for the other) [8,9]. In water, amphiphilic block copoly-
mers often self-assemble into spherical micelles with a core–shell
(or core–corona) structure in which the hydrophobic block forms
the core and the hydrophilic block the outer spherical shell or cor-
ona [10–18]. Depending on the relative lengths of the hydrophobic
and hydrophilic blocks, micelles are dubbed star micelles if the core
is small compare to the corona, and crew cut micelles if the water
soluble block is small compare to the hydrophobic block [19].
Amphiphilic copolymers can also self-assemble into other mor-
phologies (wormlike micelles, flower-like micelles, etc.), depend-
ing on a number of structural factors and experimental
conditions [20–24].

The CMC is an important parameter to characterize micelle for-
mation, both for small surfactant molecules and for amphiphilic
block copolymers. The determination of the CMC involves the mea-
surement of a physical quantity that changes upon micellization,
such as surface tension, solution enthalpy, or light scattering inten-
sity [3]. A very useful method to determine the CMC is based on
fluorescent probes added to the solution or covalently linked to
the hydrophobic moiety of the amphiphilic molecule [25,26]. In
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Table 1
Structural Properties of C153: axial radii (R); van der Walls volume (V); ground state dipole moment (lg); and excited state dipole moment (le).

ON O

F F

F

Coumarin 153

R/Å 6.1 � 4.8 � 2.0 [50,51]
V/Å3 246 [52]
lg

exp/D 6.55 [53]
lg

pred/D 5.21–7.61 [54]
(Dl = le � lg)exp/D 2.22–9.0 [54,55]
(Dl = le � lg)pred/D 3.7–15.3 [54]
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this case the CMC can be determined from a change in the fluores-
cence spectra intensity or shape, a solvatochromic shift, a change
in fluorescence lifetime or in the polarization occurring upon mic-
ellization. Among those probes, pyrene has been the most used be-
cause the intensity and shape of its fluorescence spectrum and
lifetime are sensitive to the local environment [27–33]. Indeed,
the pyrene lifetime increases from ca. 200 ns in water [31,32] to
ca. 450 ns in cyclohexane with the corresponding increase of quan-
tum yield [34], due to the suppression of non-radiative pathways
of de-excitation [34,35]. Besides, the vibronic structure of the
emission spectrum also changes [36], without significant variation
of their spectral position [31,37,38]. The variation of the vibronic
fluorescence intensity ratio of the first to the third monomer peaks,
I1/I3, is often used to probe the polarity of the medium (defining the
so-called Py scale) [35,33]. This ratio can be used to study self-
assembly of amphiphilic species in water because, while pyrene
in water has I1/I3 = 1.9, above the CMC pyrene migrates to the mi-
celles hydrophobic core and in an apolar medium this ratio
changes to I1/I3 � 1.

Coumarin 153 (C153), a derivative of 7-aminocoumarin with a
trifluoromethyl group at position 4 (structural properties summa-
rized in Table 1), is structurally rigid because the rotation of the 7-
amino group is hindered, inhibiting the formation of a TICT state in
highly polar solvents and the fast flip–flop motion in non-polar sol-
vents [39–42]. In an apolar environment, the fluorescence quan-
tum yield and the fluorescence lifetime of C153 are much higher
than in a polar medium, with the maximum of the fluorescence
band being shifted to the red (Table 2). The substantial spectral
shifts are due to the large increase in dipole moment upon elec-
tronic excitation from the ground state (lg) to the first excited sin-
glet state (le) (Table 1). The increase in dipole moments is
explained by the ‘‘instantaneous’’ formation of an intramolecular
charge-transfer (ICT) state upon excitation of the molecule from
the ground state. The ICT state is a special p–p⁄ excited state in
which an electron that occupies an orbital mostly localized at the
amine group (donor group) in the ground state is transferred to
an orbital mostly localized at the carbonyl group (acceptor group)
Table 2
Photophysical properties of C153: wavelengths at the maximum for the absorption
and emission (kmax

abs ; kmax
em );fluorescence quantum yield (/); and average fluorescence

lifetime (<s>).

Solvent kmax
abs /nm kmax

em /nm / <s>/ns

Water 549 549 0.12 [43]
548 548 0.10 0.5 [56]

MeOH – – 0.42 4.16 [55]
50% EtOHa 542 542 0.38 4.7 [43]
EtOH 531 531 0.38 3.4 [43]

530 530 0.38 [56]
PrOH 0.59 5.03 [55]
MeCN 0.64 5.92 [55]

418 521 0.56 5.6 [43]
EtOAc 409 501 0.93 5.4 [43]

0.89 4.31 [55]
CHx 393 455 0.90 4.3 [43]

a % v/v; MeOH = methanol, EtOH = ethanol, PrOH = propanol, MeCN = acetonitrile,
EtOAc = ethylacetate, CHx = Cyclohexane.
in the excited state [39,43–49]. These characteristics make C153 a
very promising probe to study the self-assembly of amphiphilic
molecules.

In addition, C153 is also a useful polarization probe to deter-
mine the local viscosity because its limiting anisotropy (r0) is close
to the theoretical value of 0.4 (predicted for collinear transition di-
pole moments in the electronic absorption and emission transi-
tions) [57]. Indeed, the anisotropy decay in homogeneous media
is a single exponential (in water the rotation correlation time is
85 ps [58]) with limiting anisotropy values as high as r0 = 0.375
[59,60], that generally decrease in heterogeneous media [61–66].

Since C153 is a hydrophobic dye, it preferentially locates at the
hydrophobic core of the micelles [67]. This property, along with its
interesting photophysical characteristics, led us to evaluate C153
as a probe to determine the CMC of surfactants and amphiphilic
block copolymers. We believe that C153 can advantageously re-
place pyrene in this application, which not only tends to aggregate
at very low concentrations because of its very low solubility in
water (�10�7 M), but also strongly adsorbs to the walls of glass/
quartz cells. This causes frequent irreproducible results since the
fluorescence decay times, and the vibronic structure and intensity
of the pyrene fluorescence spectrum are influenced by emissive
aggregates directly excited from the ground state or produced by
excited state reactions.

In this work, we show that using C153 we can calculate reliable
CMC values for several surfactants and linear diblock copolymers
in water, and also obtain information about the presence of pre-
micellar aggregates and the polarity of the micelle core microenvi-
ronment. Moreover, the use of C153 is easier, less time consuming,
more accurate and more reproducible than the use of pyrene.

2. Experimental

2.1. Materials

THF (Aldrich, 99%) was distilled over CaH2, sodium dodecyl sul-
fate (SDS, Fluka, 99%), Triton X-405 (70% in H2O, Aldrich) and cetyl-
trimethylammonium bromide (CTAB, Fluka, 98%), and Coumarin
153 (C153, Fluka, 98%), were used as received.

Phenanthrene-a-end-labeled poly(N-decylacrylamide)-b-
poly(N,N-diethylacrylamide) copolymers (Phe-PDcAm-b-PDEA,
Scheme 1) with different PDEA block lengths and a PDcA block
with the same length (Table 3) were synthesized using a sequential
RAFT polymerization strategy, as reported elsewhere [25,68–70].
The phenanthrene-a-end-labeled poly(N-decylacrylamide) (Phe-
PDcAmmacroCTA) with an average-number molecular weight of
Mn = 2720 g/mol, corresponding to a polymerization degree of 11
and Mw/Mn = 1.13 (determined by MALDI-TOF MS) was synthe-
sized using N-(4-(9-phenanthrenyl)butyl)-2-[[2-phenyl-1-thi-
oxo]thio]-propanamide (PBTP) as a chain transfer agent [69]. The
average molecular weight and dispersities of the copolymers were
obtained by size exclusion chromatography using a multi-angle
light scattering detector (GPC-MALS) [25,69].

The elimination of the x-end thiocarbonylthio group from Phe-
PDcAm-b-PDEA block copolymers by aminolysis was previously
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Scheme 1. Structure of the Phe-PDcAm-b-PDEA copolymers (n = 11, m = 146, 227, 295, and 468).

Table 3
Number average molecular weight (Mn) and dispersities (Mw/Mn) of PDcAm-b-PDEA,
and degree of polymerization (Xm) of the PDEA block. The PDcA block (Mn =
2720 gmol�1, Xn = 11, Mw/Mn = 1.13) is equal for all copolymers.

Copolymers GPC-MALS

Xn Xm Mn/gmol�1 Mw/Mn

CP2 11 146 21200 1.05
CP3 11 227 31600 1.03
CP4 11 295 40300 1.01
CP5 11 468 62300 1.02
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reported [25,69]. It was also shown that the fluorescence lifetime
of the phenanthrene derivative in THF was ca. 47 ns, indicating that
by removing the x-end thiocarbonylthio group, fluorescence
quenching was effectively eliminated. This conclusion is supported
by a previous observation in which the thiol group (–SH) does not
quench the fluorescence of C343 [70].
2.2. Low molecular weight surfactant solutions in water

The samples for the fluorescence experiments were prepared by
using a solvent-assisted solubilisation method in order to uni-
formly distribute the C153 molecules in the surfactant aqueous
solutions. A concentrated solution of C153 was prepared in THF
(6.6�10�5 M). To approximately 15 lL of this solution we slowly
added �1 mL of aqueous surfactant solution. A set of surfactant
solutions (concentrations ranging from �5 � 10�5 to �0.01, 0.1
and 0.4 M for CTAB, Triton X-405 and SDS, respectively), containing
the same amount of C153 (1.0 � 10�6 M) were prepared. The quan-
tity of THF was always lower than 1.5% v/v of the total micellar
aqueous solution (the samples were subjected to a gentle flow of
N2(g) for approximately 15 min and the final volume was adjusted
again by adding a required volume of water). It was assumed that
the presence of this small quantity of THF in water does not affect
the micellar system properties [8,71].
2.3. Phe-PDcAm-b-PDEA block copolymer solutions in water

The block copolymer solutions in water were also prepared by
using a solvent-assisted solubilisation method, in order to obtain
monodisperse micelles, prevent the presence of large aggregates,
and uniformly disperse the C153 in the micelle cores. THF was used
because it is a good solvent for both blocks and the dye. We first
prepared concentrated solutions (�75 g/L) of copolymers
CP2–CP5 (Table 3) in THF. A small volume of these concentrated
solutions were transferred into small vials already containing the
required amount of C153, and immersed in an ice bath at �2 �C.
Then, cold water was added dropwise under gentle agitation until
reaching the required volume. The final solutions (always contain-
ing less than 2% v/v of THF) were equilibrated for at least 24 h (and
stored) at 4 �C.

2.4. Absorption and fluorescence measurements

The UV–Vis absorption spectra were recorded in a Shimadzu
UV-3101PC. The steady-state fluorescence spectra were acquired
in a SLM-AMINCO 8100 Series 2 spectrofluorometer. The fluores-
cence spectra were corrected for the background and for the re-
sponse of the detection system. The steady-state fluorescence-
polarized components relatively to the direction of the excitation
light were acquired using Glan-Thompson polarizers and corrected
for the background. The excitation wavelength was 410 nm (8 nm
bandwidth) and the spectrum was recorded from 420 to 800 nm
(8 nm bandwidth). The temperature was controlled with a water
circulating bath (±0.2�C, Julabo-model F25).

3. Results and discussion

3.1. Low molecular weight surfactants

The fluorescence quantum yield of C153 is higher in apolar sol-
vents and its dipole moment increases upon electronic excitation
to the first excited singlet state (Tables 1 and 2). Consequently,
the fluorescence spectra changes with the local polarity (the inten-
sity changes and there is a spectral shift in the wavelength of the
maximum intensity) and this can be used to determine the critical
micelle concentration (CMC) of self-assembling molecules in
water. Fig. 1A–C shows the fluorescence spectra of C153 in aqueous
solutions of different surfactants (Triton X-405, SDS and CTAB –
Scheme 2), while Fig. 2A–C shows the spectra normalized at the
wavelength of the maximum intensity. The spectra show that by
increasing the surfactant concentration above a critical value, the
C153 fluorescence quantum yield increases and the fluorescence
band maximum is blue-shift. Figs. 1D–F and 2D–F show the plot
of the fluorescence intensity (F.I.) and wavenumber (�mmax) at the
maximum of the fluorescence band as a function of the molar con-
centration of surfactant. The fluorescence intensity of C153 in
water is very low, due to its low quantum yield in water,
/ = 0.10–0.12 (Table 2). For low concentrations of surfactant, the
dye is mostly in water and so the fluorescence intensity is very
low and practically invariant (Fig. 1A–C). In the case of Triton X-
405, the fluorescence intensity slightly increases, probably due to
some association between coumarin C153 and the surfactant mol-
ecules. Above the CMC a steep increase in the fluorescence inten-
sity of C153 is observed because at concentrations larger than
the CMC, C153 partitions into the hydrophobic core of the micelles.
This also explains the blue shift observed for C153 at high surfac-
tant concentrations (cf. Fig. 2A–C): since the dipole moment of
the dye is higher in the first electronic excited state than in the
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Fig. 1. Fluorescence spectra of C153 in aqueous solutions of Triton X-405 (A), SDS (B), and CTAB (C) (kexc = 410 nm; T = 23 �C; [C153] = 1 lM) and plot of the fluorescence
intensity of C153 as a function of molar concentration of Triton X-405 (D), SDS (E), and CTAB (F).
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ground-state, the change to an apolar environment desestabilizes
more the first excited state than the ground state, and thus de-
creases the wavelength of fluorescence emission [72].

Fig. 1D–F shows the plot of the fluorescence intensity and
Fig. 2D–F the wavenumber of the maximum of the fluorescence
band as a function of the surfactant concentration. The CMC values
were determined for each plot from the intersection of two lines
drawn through the experimental points for surfactant concentra-
tions below and above the critical surfactant concentration. The
CMC values determined from the variation of the fluorescence
intensity and the solvatochromic shifts with the surfactants con-
centration are summarized in Table 4. The values obtained for cat-
ionic (CTAB), anionic (SDS) and nonionic (Triton X-405) surfactants
agree with the values reported in the literature (Table 4), obtained
using different experimental procedures. However, the uncertaini-
ty in the CMC values are usually large due to the formation of pre-
micellar aggregates and the limitations of the experimental
methodologies.
The solvatochromic behavior of C153 also allows the determi-
nation of the relative polarity of the microenvironment where
the dye is located (micelle core interior or core–shell interface),
by the analysis of the relative variation of the hypsochromic shift
(D�m) between the aqueous phase and the plateau value [85]

D�m ¼ �mmaxðplateauÞ � �mmaxðH2OÞcm�1 ð1Þ

where �mmaxðplateauÞ and �mmaxðH2OÞ = 18020 cm�1 are the wave-
numbers at the maximum of the fluorescence band (in the plateau
region) and in water, respectively. The plateau is not well defined
for Triton X-405, due to the low solubility of this surfactant in
water. The values of D�m, obtained from the plots for these surfac-
tants, are shown in Table 4. These values show that the polarity
of the core of SDS and CTAB micelles is identical, while the core
of Triton X-405 micelles is less polar.

3.2. Phe-PDcAm-b-PDEA block copolymer micelles

Micellar aggregates formed by block copolymers have various
microenvironments: the micelle core is hydrophobic, the water-
rich shell is hydrophilic and the core–shell interface has an inter-
mediate polarity [67]. The Phe-PDcAm-b-PDEA copolymers CP2–
CP5 form micelles in water, with a radius that depends on the
length of the hydrophilic PDEA block, while the core size is almost
constant and equal to rcore = 4 nm [25].

In order to prevent quenching of the C153 fluorescence by the
thiocarbonylthio group, the copolymers were treated with an ex-
cess of hexylamine in order to remove this group. The critical mi-
celle concentrations (CMC) of the copolymers were determined by
the same procedure used for the low molecular weight surfactants.
The samples were prepared by varying the copolymer concentra-
tion from �30 to �1.1 g/L, and keeping the concentration of C153
constant ([C153] = 0.45 lM).

Fig. 3A and B shows the plots of the fluorescence spectra (A) and
the fluorescence spectra normalized at the wavelength of the max-
imum of the fluorescence band (B), as a function of the concentra-
tion of CP3 in water. Similar plots were obtained for the other
copolymers. The fluorescence intensity (F.I.) and the wavenumber
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Fig. 2. Normalized fluorescence spectra of C153 in aqueous solutions of Triton X-405 (A), SDS (B), and CTAB (C) (kexc = 410 nm; T = 23 �C; [C153] = 1 lM) and plot of the
wavenumber at the maximum of the fluorescence band of C153 as a function of molar concentration of Triton X-405 (D), SDS (E), and CTAB (F).

Table 4
The CMC values of SDS, CTAB and Triton X-405 in water.

Surfactant CMCa/M (shift) D�ma,b/cm�1 CMCa/M (intensity) CMC/M (literature) [Ref.]

SDS (anionic) 4.17 � 10�3 �400 4.22 � 10�3 4.3 � 10�3 [73]
7.75 � 10�3 [74]
8 � 10�3 [7,75]
8.38 � 10�3 [76]
8.5 � 10�3 [77]
7–30 � 10�3 [78]
35 � 10�3 [35]

CTAB (cationic) 0.86 � 10�3 �380 0.83 � 10�3 0.70 � 10�3 [79]
0.80 � 10�3 [35,80]
0.90 � 10�3 [81]
0.92 � 10�3 [7]
0.94 � 10�3 [70,77]
0.7–4 � 10�3 [78]

Triton X-405 (nonionic) 0.77 � 10�3 �610 0.68 � 10�3 3.2 � 10�4 [82]
8.1 � 10�4 [83]
8.6 � 10�4 [84]

a This work.
b Determined using Eq. (1).

Table 5
Critical micelle concentration values determined for Phe-PDcAm-b-PDEA copolymers
in water by the various methods at 20�C.

Polymer CMC (intensity) CMC (shift) CMC (anisotropy)

(g/L) (lmol/L) (g/L) (lmol/L) (g/L) (lmol/L)

CP2 0.024 1.13 0.035 1.65 0.007 0.33
CP3 0.019 0.60 0.033 1.04 0.032 1.02
CP4 0.072 1.79 0.075 1.86 0.042 1.04
CP5 0.038 0.61 0.080 1.28 0.027 0.44
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(�mmax) at the maximum of the fluorescence band are plotted as a
function of the concentration of CP3 in Fig. 3C and D.

As observed for low molecular weight surfactants, at a given on-
set concentration a pronounced increase in fluorescence intensity
and �mmax was observed due to the increasing partition of the dye
from the aqueous medium to the hydrophobic micelle cores.
Table 5 shows the CMC values for the copolymers obtained as
the intercept of the two lines drawn for concentrations below
and above the critical polymer concentration (Fig. 3).

The CMC values are similar for all copolymers and so almost
independent of the length of the hydrophilic PDEA block. This is
not surprising since the hydrophobic block is equal for all the
copolymers, and the CMC values are much more sensitive to the
length of the hydrophobic block than to the hydrophilic block size
[86]. The discrepancies between the CMC values obtained from the
fluorescence intensity and the solvatochromic shift can be attrib-
uted to the formation of pre-micellar aggregates that contribute di-
versely to the variation of the intensities and solvatochromic shifts
for polymer concentrations below the CMC.

In order to clarify this, we plot the steady-state fluorescence
anisotropy (rss) as a function of CP3 and CP5 concentrations
(Fig. 4). Similar curves (not shown) were obtained for the CP2
and CP4 copolymers. The inset in Fig. 4 shows the plot in terms
of molar concentration for CP3. The steady-state fluorescence
anisotropy (rss) values were calculated from
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Fig. 4. Steady-state fluorescence anisotropy of C153 as a function of copolymer
concentration (g/L) and molar concentration (Inset), at kexc = 420 nm, kem = 530 nm,
T = 20 �C, [C153] = 0.45 lM. The straight lines correspond to the best fitting lines
drawn through the experimental points to determine the CMC values, and the grey
region in the inset indicates corresponds to the formation of pre-micellar
aggregates.
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rss ¼
IVV � GIVH

IVV þ 2GIVH
ð2Þ

where IVV and IVH are the fluorescence intensities obtained using
vertically polarized excitation light and recording the horizontal
(IVH) or the vertical (IVV) fluorescence polarization components.
The G factor is an instrumental parameter that corrects for polariza-
tion effects introduced by the fluorescence detecting system,

G ¼ IHV

IHH
ð3Þ

where IHV and IHH are the fluorescence intensities, obtained using
horizontal polarized exciting light and recording the vertical (IHV)
and horizontal (IHH) polarized components, respectively.
When plotting the rss values for the copolymers CP2 to CP5 in
terms of molar concentration, the curves are well superimposed.
The rss values start to increase at �40 nmol/L (as shown for CP3
in the inset of Fig. 4, grey region) well below the CMC values listed
in Table 5. This increase in rss values below the CMC suggests the
formation of pre-micellar aggregates. This is supported by the
slight increase in the fluorescence intensity observed for C153 in
Fig. 3C in this range of concentrations. These pre-micellar aggre-
gates can be either formed spontaneously or to be induced by
the presence of C153.

The rss anisotropy values can be fitted by two straight lines for
concentrations below and above the CMC. The polymer concentra-
tion at the intersection of the two straight lines is close to the CMC
values determined by both the fluorescence intensity and the sol-
vatochromic shifts (Table 5).

Going back to the data in Fig. 3C and D we observe that the fluo-
rescence intensity method is more sensitive to the presence of pre-
micellar aggregates than the solvatochromic shift method. Indeed,
the CMC values calculated from fluorescent intensity data are al-
ways lower than those calculated from the solvatochromic shift
data, suggesting that the fluorescence quantum yield is more sen-
sitive to changes in polarity than the solvatochromic shift.

Due to the large size of the block copolymer micelles, their rota-
tional dynamics is too slow to be probed during the lifetime of
C153, and therefore the rotational dynamics of the micelles do
not contribute to fluorescence depolarization. Thus, one should ex-
pect the steady-state fluorescence anisotropy values (rss) to reach
the limiting anisotropy of C153, r0 = 0.375 [51,59]. Since the max-
imum anisotropy is lower than this limiting anisotropy, the PDcAm
chains at the micelle core must have some fluidity, which contrib-
utes to the depolarization of C153. However, a distribution of C153
between the micelle core and the water (where the anisotropy of
C153 is very low) might also contribute to the low maximum
anisotropy [58].
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4. Conclusions

The CMC values obtained for SDS, CTAB and Triton X-405 from
the fluorescence intensity and solvatochromic shifts of coumarin
C153 are in agreement with those reported in the literature. In
addition, we extended its use for the determination of the critical
aggregation concentration of block copolymers in aqueous solu-
tions. This shows that C153 can be effectively used as a standard
probe to determine the CMC of self-assembling surfactants and
block copolymers in water. Although pyrene has been the most
commonly used fluorescence probe for the local polarity, the use
of coumarin C153 has large advantages since its solubility in water
is larger than of pyrene, and it has a lower tendency to form fluo-
rescent and nonfluorescent aggregates. Also, the change in the
fluorescent intensity ratio I3/I1 of the vibronic peaks of pyrene
when it passes from a polar to an apolar environment is relatively
small, and the fluorescence vibronic peaks can be influenced by the
formation of excimers or other fluorescent aggregates. On the other
hand, the experiments with C153 are easier to perform, less time
consuming, more accurate, and more reproducible than with pyr-
ene. In addition, we found that the variation in steady state anisot-
ropy of C153 can be used to detect the formation of pre-micellar
aggregates and evaluate micelle core fluidity.
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