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The entry and exit rate constants of naphthalene and pyrene to and from a nkicelledk-, respectively)

have been determined fardecyltrimethylammonium trifluoroacetate (DeTAPA) and pentafluoropropionate
(DeTAPP) micelles by a steady-state fluorescence quenching methok-Tvedues of naphthalene and
pyrene for DeTAPA micelles increased with increasing temperature, whereas the values from DeTAPP micelles
had a minimum at 308.2 K. Thie; values of naphthalene and pyrene to DeTAPA micelles also increased
with increasing temperature, whereas the values for DeTAPP micelles again showed a minimum at the same
temperature. The fluorescence spectra of pyrene have indicated that the molecule is located at the hydrophilic
outer site in DeTAPA and DeTAPP micelles rather than at the hydrophobic micellar core site.

Introduction the microscopic nature of small aggregatehe former

. measures the lifetime of the probe in aggregates, which indicates
Fluorescence quenching methods have been well proven tothe extent of the interaction between the probe and the matrix
probe the microenvironmental properties of micellar and P '

polymer solutions in an aqueous systeNMoreover, the method In addmon., W'.th the use gf an apprqprlate quencher, It can
has been applied to investigations of biological systems Suchfurther derive important microscopic information such as the

as aggregation behavior of bile salts, mechanism of photo- micelle aggregation numbét The latter also provide_s_informa—
synthesis, and interaction between proteins and dtigin tion on the mole_cular_ aggregates an_d on the mobility o_f probe
particular, pyrene and its derivatives have been shown to be@nd the interaction with a quencher in the aggregétedich
useful photoprobes, since the excited states are relatively stabl&an also lead to the aggregation number. Information obtained
and the excited molecules can easily form an excimer in by the former and latter methods often complements each
condensed phases. Indeed, they have been widely employed asther!?12
probe molecules for photochemical processes in micellar  The first stepwise association constant for solubilizatioy) (
solutions and polymers in aqueous solutién. between a micelle and a solubilizate can be determined by
Time-resolved fluorescence quenching methods and steady-application of solubilization modéf. The authors have studied
state fluorescence quenching methods have provided insight intothe thermodynamic properties on several solubilization systems
to determine the first stepwise association constants between a
7222‘5‘2”é?mvgnf”?nggifsescpg:ggg;i SE%'&S% gg%essed- Fax: 81-92- nolycyclic aromatic compound and a vacant micelle. They use
i \ b Rl this approach in the first half of this study. From the thermo-

T Kyushu University-Ropponmatsu. f - ; o2 o=
* Ecole Polytechnique Federal de Lausanne. dynamic point of view, the association constant indicates the
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dlP* _ » N ¥ . *
g a T KIMP = Ky [MI[P*] = k[P*] — k[P*][Q]
(6)
Here, I MP andl,” are the incident photon flux for exciting the

fluorescence probe in micelle and in bulk water, respectively.
At steady-state,

()= () 137 = (k_ + kyp)MP] — k,[M][P*] )
@ 2= (k,[M] + k; + k[QDIP] — K [MP*]  (8)

Assuming that the ratesMP and 1,” are proportional to the

capability of a micelle to incorporate a solubilizate and gives, corresponding excited probe concentration, that is,
at the same time, the ratio of the entry rate constant into a vacant

Figure 1. Scheme of the fluorescence quenching method.

P
micelle k) to the escape rate constant from the micele) ( I_a _ [P*] 9)
for a solubilizate molecule. Hence, if either rate constant can [MP - [MP*]
be determined, the other can be automatically evaluated from a
this constant. the following relation between [P*] and [MP*] would be

One of the purposes of this study is to present a theoretical gptained from eqgs 79:
expression for the rate constant determination in a micellar

system by the steady-state fluorescence quenching method. The P —Kk([Q]) + \/{ k([Q])}2 + 4k K, [M]

other is a quantitative description of the dynamics of solubili- = = A(Q))
zation. The discussion will be made on the relationship between [MP*] 2k, [M]

the rate constant and the hydrophobicity of micelles for two (10)
anionic and two cationic surfactant systems. where

Theory K(IQD =k, — kyp + K. [M] —k_+kJ[Q]  (11)

The value ofK; is an indicator for the magnitude of ) ) ]
interaction between a micelle and a solubiliz&@he constant ~ @NdA([Q]) is a function of [Q]. The quantum yiel@® can be

is also regarded as the ratio of the entry rate constatof a then obtained:
solubilizate into a micelle to the exit rate constakt)(from [P*]

the micelle. In the present case, the association conktaist Kyp T k——
obtained from fluorescence photo probes in the micellar solution. ¢, — kue[MP] + Kk [P*] _ kp[MP*] _
Under steady-state irradiation the excited probe P in a micelle, |MP 4 P [P*]
MP* loses energy via the following processes (Figure 1): : : ke 1 (ky T k[Q]) *
[MP*]
MP* <=M -+ P* @) kp FRAIQD
ke kv + (K, + K[QDA(QI)
p Yo Py @ Without quencher, the yiel®° becomes unity:
5 o = KeelMP +IlPT 13
o = =
MP* — MP + hv 3) (|2"P + |;’)[Q]=0

Equation 1 is the first stepwise association equilibrium. Equa- Finally, the ratio of the total fluorescence intensities in the

tions 2 and 3 indicate the radiative decay of the excited probe ghsence to the presence of quencher is given by the following
in intermicellar bulk and that associated with the micelle, equation:

respectively, and include inherent quenching modes other than

spontaneous emission. If a water-soluble quencher Q is added _P° K [QIA(Q])

to such a system, the fluorescence intensity would decrease due ¢= D 1 kMJr—kpA([Q]) (14)
to excited-state quenching as long as the photoprobe P can P

escape from the micelle, where Thek_ andk; values can then be obtained from the plotgof
Q vs quencher concentration [Q].
P*+Q—P+Q (@) | _
Experimental Section
should be the only effective quenching reaction in the solution.  aterials. n-Decyltrimethylammonium trifluoroacetate
The above decrease in fluorescence intensity should have gpeTAPA) and n-decyltrimethylammonium  pentafluoro-
relationship with the quencher concentration as expanded below.propionate (DeTAPP) were synthesized as described in the
Equa“ons 1_4 construct the f0||0WIng two d|ﬁerent|al equatlons previous pape—’lﬁ Naphthalene and pyrene were purified by the
for the kinetics of [MP*] and [P*]: same method as in the previous stéiéig-Hexane of guaranteed
d[MP*] reagent grade (97%) from Nacalai Tesque was used without
_ MP _ _ any further purification. Silver(l) trifluoroacetate (GEOOAQ)
— + * * * - . \
dt la KMIP] = Kk [MP*] = kypMP*] (5) was also synthesized and purified by a previous method.
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Figure 2. Fluorescence spectra of pyrene at 298.2 K with addiglgg@OOAg solution: (a) in water, (b) in DeTAPP solution.

Silver(l) pentafluoropropionate ¢EsCOOAg) was obtained  to 318.2 K, where the temperature was maintained constant by
from Aldrich and used without further purification. circulating temperature-controlled water around the photégell.

Steady-State Fluorescence Quenching Metho@The decay The excitation wavelengths are 276 and 336 nm for naphthalene
rate constantskf) of naphthalene and pyrene in an aqueous and pyrene, respectively, which are the most effective wave-
solution were 2.34x 107 s'1 and 7.07x 10° s™! at room lengths for excitation of each fluorescent probe. The emission
temperature, respectively, which were independently obtainedintensity was recorded from 300 to 450 nm and from 350 to
in the previous studi£ The decay rate constarkige in a micelle 500 nm for naphthalene and pyrene, respectively, where the
were also determined by a time-resolved single photon counting excitation slit width was 5 nm and the emission slit width was
method using a K source lamp for the micellar solution 1.5 nm. The emission intensity as a function of quencher
containing a probe molecule at the most. The excitation and concentration was observed at 326 nm for naphthalene and at
emission wavelengths were 280 and 320 nm, respectively, for 375 nm for pyrene at their respective emission maxima.
naphthalene and 350.7 and 392 nm for pyrene. The micellar The intensity ratios of peaks at 385 and 375 nm for pyrene
concentration was ca. ¥ 10~ mol dm 3 for each solution, in the above temperature range were also evaluated from the
and the probe concentration was cax610-6 mol dm 2 for emission spectra in DeTAPA and DeTAPP micellar solutions
both naphthalene and pyrene. The decay rate constant of arto obtain the so-callet,/l, ratio in the solubilized state between
excited anthracene molecule has been also determiged (  288.2 and 323.2 R!
2.70 x 10° s7Y) in the previous papé However, the authors
did not attempt to determine the entry and the exit rate constantsSResyits and Discussion
for anthracene, since thig value is too large to detect any
quenching by Ag in micellar solutions. Kinetic Parameters for Solubilization. The lifetime of

For the steady-state fluorescence quenching measurement, thaphthalene in both DeTAPA and DeTAPP micelles was
aqueous solution of each fluorescence probe was prepared bybserved to be 8.54 108 s, whereas that one of pyrene was
dilution of the respective saturated solutions for naphthalene 1.76 x 107" and 1.78x 107’ s in DeTAPA and DeTAPP
and pyrene at room temperature. Such dilute concentrations didmicelles, respectively. The parameters for each probe agreed
not disturb the precise determination of efficient emission Well within 2%. The decay rate constafie thus obtained was
intensity of the probe themselves. The final probe concentrations 1.17 x 107 s* for naphthalene in both anionic micellar solutions
were 5.0x 1076 mol dnr3 for naphthalene and 1.8 1077 and 5.69x 10° and 5.61x 10° s~1 for pyrene in DeTAPA and
mol dm 3 for pyrene, which were checked by WWis spec- DeTAPP micellar solution, respectively.
trophotometry. These concentrations are less than their aqueous Figure 2 illustrates the change in spectra of pyrene in water
solubility: 2.1 x 104 and 3.9x 10" mol dnr 2 at 298.2 K and in DeTAPP micellar solution with increasing concentration
for naphthalene and pyrene, respectively. These solutions wereof quencher. The intensity of the peak decreased upon stepwise
also used for the determination &§ in water. The micellar ~ addition of quencher in both solutions. The cationic micelles
solutions were prepared by adding solid surfactant to the probekeep cationic quencher (AY away from micelles by the
aqueous solution to have a final micellar concentration ([M]) electrostatic repulsion and prevent the quenching of the excited
of ca. 1x 10-3 mol dm 3 at temperatures from 288.2 to 318.2 probe from taking place within the micelle, although a small
K. It has been reported that the solubilized pyrene molecules part of the probe is quenched outside of the micelle. Therefore,
perturb the micellar size at high pyrene concentration or high the Ag" quenching effect should be reduced when the fluoro-
counterion salt concentratidf?® Therefore, the experiments  phore is protected by micelle compared to that in water.
were performed at low pyrene and quencher concentrations. Atmospheric oxygen easily dissolves into agueous and
These solutions were also used for the determination of the ratemicellar solutions, and molecular oxygen is in general an
constants. The quencher solutions were prepared by using theeffective quencher for the fluorescent hydrocarbon préBés.
above probe stock solutions in order for the composition not to The kinetics of fluorescence quenching by oxygen has been
change, when the quencher was introduced into the experimentathoroughly studied? and the quenching rate constant has also
system. been determined for some probes in various solv&ritow-

Steady-state fluorescence intensities in DeTAPA and DeTAPP ever, the effect of oxygen was not apparently considered in this
micellar solution were measured by a fluorescence spectro-study, since it is hard to estimate the oxygen effect on the
photometer (Hitachi model 650-60) at temperatures from 288.2 quenching rate constants, and at the same time, the effect has
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Figure 3. The Sterr-Volmer plots for determination of the quenching
rate constant&, of pyrene by GFsCOOAg in water at temperatures
from 288.2 to 318.2 K.
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Figure 4. The Stera-Volmer plots for determination ok- and k+
values of pyrene in DeTAPP micellar solution at temperatures from
288.2 to 318.2. The solid curves are the calculated fit data from eq 14.

been already included in thig, kvp, andky values. In other

Yoshida et al.

fluorescence intensity, however, decreases slightly by adding
the quencher into the solution, since the excitation light is always
exposed to the solution and there must exist some dissociated
probe molecules under equilibrium conditions. The measured
emission spectra were truly governed by the quencher concen-
tration. This fact indicates that a small but finite number of
probes exists freely in the bulk, as the first stepwise association
constantk; can be determined from the solubilization experi-
ments.

The authors will consider the interaction between the probes
and the micelles through the process of derivation of the
association constants. Exit and entry rate constants have been
determined for many chemical species used as a quencher
molecule by the time-resolved fluorescence quenching measure-
ments?® The k- values for fluorescence probe, however, have
not been determined in any paper except the study by Almgren
et al.30 where thek; value was determined from the solubili-
zation of 1-bromonaphthalene into a SDS micelle, and the value
was 5-8 x 10° mol~1 dm?® s~! from the apparent lifetime in
the micellar solution using NaNCas a quencher. THe values
were used to derive the exit rate constantdor other probes
such as naphthalene and pyrene, sincekthealue should be
independent of chemical species if the mechanism were diffu-
sion-controlled.

For the case of pyrene in DeTAPA and DeTAPP micellar
solutions, substituting the diffusion-controllég value fork
value in eq 14 did not give a good curve fit. Therefore, Hoth
andk, were optimized as parameters to produce a good curve
fit. The entry rate constants of pyrene into DeTAPA and
DeTAPP were much larger than those of naphthalene at all
temperatures (Tables 1 and 2). Therefore, the interaction
between the micelle and the pyrene molecule has effectively
increased the constakt due to strong interaction between the
headgroup of surfactant and the probe molecule, as has been
reported beforé!32

The k- values thus obtained are plotted against temperature
for naphthalene and pyrene in DeTAPA and DeTAPP solution
(Figures 5 and 6). The value of naphthalene was larger by 1
order of magnitude than that of pyrene, since escape tendency
of solubilizate should decrease with increasing hydrophobicity.

words, the whole rate constants are those for air-saturatedSlight increase ok- values with increasing temperature from

solutions.

Quenching rate constanig of the probe by each quencher
(CRCOOAg and GFsCOOAQ) in water and in micellar solutin
were determined from the Sterivolmer plots (Figures 3 and
4). The quenching rate constant for Ag/as also determined
over the temperature range from 288.2 to 318.2 K. (Tables 1

DeTAPA micelle reflects the decrease in the micellar size and
in the hydrophobic interaction between micelle and solubilizate.
In DeTAPP solution, however, the. andk values suddenly
increased for both probe solubilizates at 318.2 K despite the
decrease in micellar size. This change corresponds to a sudden
increase in the degree of counterion binding to micelle as

and 2). As is expected, the constants increase with increasing’eported in the previous pagéand suggests the possibility of

temperature due to the increasing rates of diffusion.
A number of studies with ionic quenchers such as bromide

a drastic change of structure around the micellar surface.
The ki of pyrene, on the other hand, is larger than that of

ion or pyridinium ion showed no quenching of the fluorescence naphthalene (Figures 7 and 8). This difference might be the
of aromatic compounds solubilized into micelles having the consequence of the interaction model used for the solubilization.
same charge as the ionic micelf§s27 It is quite reasonable  The first stepwise association const#iitwas defined as the
that the lifetime of the hydrophobic fluorescence probes could equilibrium constant of the first stepwise solubilization reaction
not be shortened by adding the above quenchers to micellarin eq 1, where a small aggregate formed by a small number of
solutions, since the quenchers cannot come close to themonomer and solubilizate molecules were not taken into
solubilized probe in a micelle because of the electrostatic consideration. The aqueous solubility of the solubilizate, pyrene,
repulsion. If most probes are assumed to exist in the miéélles increased slightly with surfactant concentration below the cmc,
and if their exit rate constant is much smaller than the which suggests an interaction between pyrene and surfactant.
fluorescence decay rate constant during the period of time for Such an increase was not observed for naphthalene. If this
the time-resolved fluorescence quenching, then the excited probanteraction was considered, for example, in the case of solu-
would return to its ground state with the emission light before bilization of pyrene in DeTAPP solution at 298.2 K the

it escapes from the micelle or without giving the activated following calculations would show that [pyrene] 0.796 uM
energy to the quencher in inter-micellar bulk. The steady-state at the cmc from extrapolation of the solubility below cmc
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TABLE 1: Kinetic Parameters for Solubilization of Naphthalene

Ky Kq kq (cf)? Ky

T (K) (mol~t dmd) (mol~tdm?s™?) (mol~tdmés™?) k- (s7h (moltdmés™?)
DeTAPA

288.2 2.65x 10 452x 10° 452x 10° 3.16x 10° 8.37x 101

298.2 2.09x 10* 5.67x 10° 9.30x 1@ 4.67x 10° 9.77 x 10%

308.2 142« 10¢ 7.20x 1@ 1.26x 10 8.52x 10° 1.21x 104

318.2 1.00x 10* 7.58x 1¢° 1.53x 10 1.60x 107 1.60x 10
DeTAPP

288.2 4.45x 10 3.81x 10° 151x 10 7.44x 106 3.31x 10"

298.2 2.35x 10 411x 10° 4.11x 10° 2.91x 10° 6.83x 101

308.2 1.73x 10¢ 6.96 x 1¢° 6.96 x 10° 1.63x 1¢° 2.86x 10%

318.2 1.22x 10¢ 7.90x 1 7.90x 10 2.33x 107 2.84x 101

aValues from curve fitting.

TABLE 2: Kinetic Parameters for Solubilization of Pyrene

Ky ke ky (ch)? k:

T (K) (mol~t dmd) (mol~tdm3s) (mol~tdmés?) k- (s7h) (moltdmés)
DeTAPA

288.2 2.69x 10° 3.88x 10° 3.80x 10" 6.44x 10P 1.73x 10

298.2 1.53x 10° 5.33x 10° 1.74x 10 1.86x 1¢° 2.85x 10%

308.2 8.84x 10° 5.95x 10° 1.40x 10 3.96x 108 3.50x 10%

318.2 5.19x 10° 7.02x 1@ 1.17x 104 1.35x 107 7.00x 10%
DeTAPP

288.2 3.69x 10° 4.94x 10° 1.09x 10 9.02x 1P 5.34 x 10%

298.2 2.30x 10° 5.94x 10° 3.26x 101 6.29x 1P 1.54x 10%?

308.2 8.99x 10° 6.11x 10 3.39x 10% 7.42x 10P 8.09x 10"

318.2 5.43x 10° 6.76 x 10° 8.40x 10% 2.72x 10/ 1.10x 10

aValues from curve fitting.
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Figure 5. Exit rate constarit_ of naphthalene molecule from DeTAPA ~ Figure 6. Exit rate constank- of pyrene molecule from DeTAPA
(a) and DeTAPPI) micelles at temperatures from 288.2 to 318.2 K.  (4) and DeTAPPM) micelles at temperatures from 288.2 to 318.2 K.

(Ipyrene]= 0.390uM in the case of surfactant fredy; = 6.72 suddenly for naphthalene and pyrene at 318.2 K despite a
x 10 mol~1 dms, k- = 5.98 x 1P s1, andk, = 4.02 x 101 decrease in its micellar size. This change corresponds to a

mol~1 dm® s~1 by curve fitting according to eq 1&{ = 7.57 sudden increase in the degree of counterion binding to micelle
x 10° mol1 dm? s71). In this case, the pyrene molecule as reported in the previous paper and suggests the possibility
associated with surfactant ions was regarded as a pyreneof a drastic change of structure around the micellar surface.

monomer locating outside the micelle. The valu&obecomes In the previous papéf two adjustable parameter, and
much smaller than the previous one, whereas khevalue k-, were necessary to trace the relationships between the
showed almost no change. fluorescence ratiab°/® and [Q] for the determination of the

A slight increase of th&- values with increasing temperature  entry and the exit rate constants of naphthalene and pyrene into
for the DeTAPA micelles reflects easy escape of the probe n-dodecylammonium trifluoroacetate {l,sNH4+ CRCOO").
molecule due to the decrease in the micellar size and in In addition, thek, value obtained was much larger than the ones
hydrophobic interaction between the micelle and probe. In found from the SteraVVolmer plots. In this study too, the same
DeTAPP solution, however, the- and ks values increased results were obtained despite using a different set of assumptions
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Figure 7. Entry rate constank; of naphthalene molecule from  Molecule®®3n this sense, pyrene is the most powerful probe
DeTAPA (a) and DeTAPP [{) micelles at temperatures from 288.2 molecule for study on colloid and interface science, although

to 318.2 K. there are many other probes which can be used as an indicator
of the solvent polarity?
12 The ratio of fluorescence intensities at 385 and 375 nm of

pyrene were measured in watamrhexane, DeTAPA, and
DeTAPP solutions (Figure 9). The fluorescence intensity
decreased with quencher concentration, but Ithd, ratio
remained almost constant. This confirms that the micellar
structure and the site of the pyrene molecule in the micelles
remain almost the same in the presence of small amounts of
guencher. The ratio was found to be almost independent of
temperature for the surfactants used and indicated that the pyrene
molecule solubilized into a micelle is located at a slightly more
hydrophobic site for the DeTAPP micelles than for DeTAPA
micelles (Figure 9). The present figure clearly indicates that
the aromatic probe is solubilized near the micellar surface or in
a palisade layer of micelles on average, as inferred from the
previous studied!321t is not possible to insist that the pyrene
molecule is solubilized at the inner micellar core, since the
hydrophobicity of the micellar counterions is directly affecting
the ratio. The difference in the ratio, however, could be one of
the reasons to explain the differencekin between DeTAPA
and DeTAPP micelles. This phenomenon could be used to
Figure 8. Entry rate constark, of pyrene molecule from DeTAPA  explain the difference in hydrophobic interaction between both
(a) and DeTAPP W) micelles at temperatures from 288.2 to 318.2 K. micelles. That is, the value df of the aromatic compounds
was larger for DeTAPA micelles than for DeTAPP below 318.2

(eq 9), which was noticeable for pyrene. Tkevalues were ¢ ‘gjnce the hydrophobic interaction controlled the exit rate from
also much larger than expected from a diffusion-controlled o micelles.

reaction, even though surface area of the micelle with which a = 14 inetic parameters and thg/I,
solubilizate molecule collides was more than 10 times larger
than a reaction area of a common chemical species. The large
values ofky andk;., especially for pyrene, can be explained by
location of the solubilizate and the quencher*Am close
proximity to the micelles or a static quenching by At

10 ¢

k, /1011
[=%
L)

0 L L L L 2
285 290 295 300 305 310 315 320

Temperature / K

ratio suggest that the
Ipyrene molecule is located at a similar site in DeTAPA and
DeTAPP micelles over the temperature range examined. This
is reasonable, since the exit and entry rate constants for all the
species in the micellessurfactant ion, counterion, and solu-
bilizates—were of similar order. These species undergo rapid
exchange between a micelle and the inter-micellar bulk under
equilibrium conditions. The rate constants for solubilization of
Pyrene fluorescence has often been used as an index for thether aromatic compounds also support this fast change of
microenvironment of the solubilization si¢eThe fluorescence  structure around the micellar surfate.
intensities of the GO vibronic bands depend on solvents, and Differences in hydrophobic environment of the solubilization
the intensity ratio of peaks Il to | decreases with increasing site between DeTAPA and DeTAPP micelles would come from
dielectric constant of the medium around the probe mole®ule. the difference in hydrophobicity of the counterion themselves.
This phenomenon was drawn from the analogy to the well- Since decane sulfonic acid (DSA) and sodium decane sulfonate
known Ham effed which resulted from dispersion force (SDeSo) molecules have a similar headgroup to sodium dodecyl
perturbation by the solvent molecules. The intensity ratio then sulfate (SDS), a pyrene molecule locates in a similar inner site

Solubilization Site of a Pyrene Molecule
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in these micelles, which was supported by the valuek;df (6) Trivedi, V. D.; Vorum, H.; HonoreB.; Qasim, M. A.J. Pharm.
in these micelles at 308.2 K: 0.87 for SDeSo and 0.84 for SDS. Pharmacol.1999 51, 591-600. . . .
. . (7) Mizusaki, M.; Morishima, Y.; Yoshida, K.; Dubin, P. Langmuir
Thus, the exit rate constarks from DSA and SDeSo micellé&&s 1997 13 69416946,
should be smaller than those of DeTAPA and DeTAPP. (8) In, M.; Bec V.; Aguerre-Chariol, O.; Zana, Rangmuir200Q 16,
However, the results were not conclusive. The same argumentsl4lz91)4|8-f . P. PChem. Phys. Letl979 61 88-91
H H H nfelta, P. PChem. yS. et , —91.
could be made for naphthalene, although the interaction of this (10) Szajdzinska-Pietek, E.. Wolszczak, Bangmuir2000 16, 1675~
probe with DeTAPA and DeTAPP headgroups should be weaker g
than that of pyrene. In short, the difference in the exit rate  (11) Asakawa, T.; Amada, K.; Miyagishi, Bangmuir1997, 13, 4569
constant among the present micelles could be explained by (1)4573. B o _ _
the extent of hydrophobic interaction between micelle and La%aufrol"gé%qé "ﬁg'ififéfv Niez, E. R.; Tato, J. V.; Mosquera, M.
solubilizate ,and (2) the difference in the solubilization site of (13 Alargova, R. G.; Kochijashky, I. I.; Sierra, M. L.; Zana,[Rngmuir
fluorescence probe in micelles. 1998 14, 5412-5418.
(14) Moroi, Y. Micelles: Theoretical and Applied AspectBlenum
Press: New York, 1992.
(15) Yoshida, N.; Moroi, Y.J. Colloid Interface Sci200Q 232, 33—
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