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essentially constant over the complete sorption range. A&, changes
very little once most of the pore space is filled, as the environment
of the sorbed molecules remains nearly constant. Consequently,
AC, is almost invarient from about 5 to 6.5 molecules sorbed per
unit cell (Figure 4). This could clearly lead to sorption hysteresis
being observed in isotherm experiment^.^
The reason this hysteresis is only found with low A1 content
materials is linked with the fact that the number of strong sorption
sites is determined by the number of A1 atoms present. The effect
has little to do with anything unusual about p-xylenelp-xylene
interactions in the sorbed state, which are weak, and nothing to
do with the rate of transport of p-xylene within the crystal environment becoming slow at a critical sorbed molecular concentration, as the kinetic experiment described in the Results section
shows.
ACm for benzene sorption on silicalite also changes rather slowly
as saturation is approached, and this too is manifest in a somewhat
unusual isotherm shape, although no hysteresis has been reported.
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However, the AHm and G,,,curves show that the effect arises
in a quite different way, as both these functions change appreciably
with amount sorbed. The molecular reasons for this have been
discussed earlier in the paper.
This work therefore helps to confirm the view that the properties
of ZSM-5 zeolites do vary in a systematic and regular way with
aluminum ~ o n t e n tand
, ~ that the apparently very strange behavior
observed in the sorption isotherms does not have an obscure origin.
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equipment available for this work.
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Fluorescence parameters of pyrene were employed to investigate the effect of added alkali metal ions, M+, on aqueous solutions
of a crown ether surfactant ClOOl8C. It is concluded that M+ ions complex with the nonionic crown ether surfactant to
produce an ionic surfactant CloO18CM+and that the latter forms comicelles with ClOOl8C. The variation of the ratio of
the intensity of the first and third vibrational bands (11/13)of pyrene was employed to examine the microscopic polarity
of the comicelles (eM), and time-resolved pyrene excimer/monomer fluorescence emission was employed to evaluate the
aggregation number, N , of the comicelles. A correlation was found between the binding efficiency of M+ and the fluorescence
parameters. The critical micelle concentration, cloud point, micropolarity, and aggregation number were all found to depend
in a systematic manner on the fraction of complexed surfactant in the comicelles.

Introduction
Crown ethers are cyclic oligoethers with an outstanding ability
to complex cations selectively and to behave as ionophores capable
of transporting cations across lipophilic batteries.’ The attachment
of a lipophilic long-chain alkyl group to a crown ether can convert
the latter into a crown ether surfactant, capable of forming micelles
in a manner analogous to classical nonionic surfactant^.^,^ The
nature and behavior of such micellar systems upon addition of
a metal cation capable of complexing with the crown ether moiety
of the surfactant are of interest because of the possibility of
producing comicelles containing both nonionic crown surfactant
molecules and ionic complexed surfactant molecules. As a result,
the solution properties of aqueous solutions of crown ether surfactants are expected to respond very differently to the addition
of alkali metal salts than conventional nonionic polyoxyethylenated
long-chain alcohol types. Classical measurements of surface
tension, critical micelle concentrations (CMC), cloud points, and
foaming properties have been employed to investigate the influence
of added alkali metal ions on the surfactant properties of crown
ether surfactant^.^,^ We report an investigation of the influence
(1) Christensen, J. J. In “Bioenergetics and Thermodynamics, Model
Systems”; Braibanti, A,, Ed.; Reidel: Dordrecht, The Netherlands, 1980.
(2) (a) LeMoigne, J.; Gramain, Ph.; Simon, J. J . Colloid Interface Sci.
1977, 60, 565. (b) Morio, Y.; Pramauro, E.; Gratzel, M.; Pelizzetti, E.;
Tundo, P. J . Colloid Interface Sci. 1979, 69, 341.
(3) (a) Kuo, P.-L.; Ikeda, I.; Okahara, M. Temide Deterg. 1982, 19,4. (b)
Kuo, P.-L.; Ikeda, I.; Okahara, M. Tenside Deterg. 1982, 19, 204.
(4) Okahara, M.; Kuo, P.-L.; Yamamura, S.; Ikeda, I. J . Chem. SOC.,
Chem. Commun. 1980, 586.

0022-3654/86/2090-0837$01.50/0

of added alkali metal salts to aqueous solutions of decyl 18-crown-6
(Clo018C), a crown ether surfactant, by a fluorescence probe
technique. Pyrene has been previously employed to interrogate
micellar properties of ionic and nonionic surfactant^.^,^ In this
work pyrene fluorescence is employed to probe micellar micropolarity and to determine micellar aggregation numbers. These
and other micellar parameters in the presence of alkali metal salts
will be shown to correlate well with the complexing ability of the
alkali metal cation to the crown ether.

Experimental Section
Decyl 18-crown-6 (C1,018C) was a generous gift of Professor
M. Okahara, Osaka University.* Pyrene (Aldrich) was recrystallized three times from ethanol. The alkali metal salts (Alfa,
ultrapure grade) were used as supplied.
Fluorescence spectra were recorded on either a Perkin-Elmer
MPF-3L spectrometer or a SLM Model 8000 spectrometer. The
ratio of pyrene emission intensity at the vibrational maxima at
373 nm to that at 383 nm is defined as I , / I ! . The latter
fluorescence parameter has been shown to be a faithful reporter
of the microscopic polarity of pyrene.6 Micropolarity (eM) was
( 5 ) Kuo, P.-L.; Tsuchiya, K.; Ikeda, I.; Okahara, M. J . Colloid Interface
Sci. 1983, 92, 463.
(6) (a) Turro, N. J.; Baretz, B. H.; Kuo, P.-L. Macromolecules 1984, 17,
1321. (b) Kalyansundaran, K.; Thomas, J. K. J . Am. Chem. Soc. 1977,99,
2032.
(7) Turro, N. J.; Kuo, P.-L. Langmuir 1985, 1 , 170.
(8) Ikeda, I.; Yamamura, S.; Nakatsuji, Y.; Okahara, M. J . Org. Chem.
1980, 45, 5355.
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Figure 2. Relationship between 11/13and y as a function of surfactant
concentration with KC1 (0.1 M) or without salt.

estimated from the Zl/13 value by eq 1 (vide infra). Fluorescence
decays were determined on a PRA single-photon-counting spectrometer which has been described previo~sly.~
A stirred 1% aqueous solution of surfactant in a test tube
equipped with a thermometer was heated in a water bath. The
temperature of the reversible critical (cloud) point at which the
solution suddenly turned turbid on heating or turned clear on
cooling was determined by visual inspection and found to be
reproducible within f0.5 OC.
In the presence of salt, the comicelles are mixtures of
CloOl8C/Clo018CM+, but the composition of the comicelle is
fixed (vide infra) at a given concentration of surfactant and salt.
The turbidity changes occurred over a very narrow temperature
range compared to the range observed with (typical polydisperse)
commerical nonionic surfactants, presumably due to the monodisperse character of the hydrophobic and hydrophilic groups of
CloO18C.

Results
Figure 1 shows the Zl/Z3 of aqueous solutions of pyrene as a
function of Clo018Cconcentration. The sharp decrease in Zl/Z3
from ca. 1.9 to ca. 1.3 is typical of transfer of pyrene from a highly
polar aqueous environment to a less polar, more hydrophobic
environment.6 The shape of the curves is typical of cmc plots,
and we may assume from Figure 1 that the cmc of Clo018C is
ca. 3 X
M. This value is in agreement with that (ca. 3 X
M, see Figure 2) obtained by conventional surface tension
measurements (y data are cited from ref 5). The addition of 0.1
M KC1 causes an increase in the cmc to ca. 4.0 X
M, whereas
the addition of 2 M KCl causes a decrease in the cmc to ca. 1.3
X
M. Thus, the cmc for C l o 0 1 8 C micelle formation is
increased at low (0.1 M KCI) salt concentrations but decreased
(9) Turro, N. J.; Aikawa, M. J . A m . Chem. SOC.1980, 102. 4866

at high (2 M KC1) salt concentrations.
Figure 2 compares the variation of 1 1 / 1 3 and the surface tenion,^ y, as a function of C,0018C concentration. Although the
pairs of curves have similar shapes in the presence and absence
of 0.1 M KC1, Zl/Z3 remains constant above the cmc in the
presence and absence of 0.1 M KC1, whereas y remains contant
above the cmc only in the absence of 0.1 M KC1. In the presence
of salt y increases slightly above the cmc. Thus, there is a difference in the response of the pyrene probe and y to detergent
concentration in the presence of 0.1 M KC1.
A linear relation has been shown to exist between the value of
11/13and the polarity of a homogeneous solvent.I0 We assume
that the value of 11/13for pyrene dissolved in micelles represents
the micropolarity tM of the pyrene environment. A quantitative
linear relationship between tM and 11/13 is given by eq 1 (based
on measurements of Il/Z3 in homogeneous solvents of known
dielectric constant).I0
tM =

86.2(I,/13) - 87.8

(1)

The values of 1 1 / 1 3 were measured for aqueous solutions of
pyrene containing 1 M added alkali metal chloride and 2 X
M Clo018C. The calculated tM values are plotted in Figure 3
as a function of the alkali metal cation. Also shown for comparison
is the log of the equilibrium constants ( K ) for binding of the cation
with 18-crown-6.l It is apparent that the shapes of the two curves
are qualitatively similar, implying that the factors controlling ion
complexing and micropolarity experienced by pyrene are related.
The aggregation numbers of ionic and nonionic micelles have
been determined for a large number of systems by the measurement of time-resolved pyrene monomer/excimer emission.
This method appears to be reliable and of broad generality. Under
appropriate conditions the decay of pyrene monomer emission is
given by use of eq
where ii is the average number of fluorophors per micelle. Extrapolation of a plot of In (Im/Imo)
vs.
In (Zm/Ima) N - ( A
klt)
2,11712

+

ii(c - cmc)

N =

CP

(3)

t to t = 0 yields ii. The aggregation number, N , is obtained from
(10) (a) Glushko, V.; Thaler, M. S. K.; Karp, C. D. Arch. Biochem.
Biophys. 1981, 210, 3 3 . (b) Turro, N. J.; Kuo, P.-L.; Somasundaran, P.;
Wong, K. J . Phys. Chem., in press.
(1 1) Atik, S. S.; Nam, M.; Singer, L. A. Chem. Phys. Lett. 1979, 67, 75.
(12) Linos, P.; Lang, J.; Strazielle, C.; Zana, R. J . Phys. Chem. 1982, 86,
1019.
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Figure 4. Correlation between aggregation number and c M in Clo018C
(2 mM) as a function of the diameter of added salts (1 M).
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salt concentration.
eq 3 where C, is the concentration of pyrene and C and cmc are
the surfactant concentration and critical micelle concentration,
respectively.
As a test of the method, the values of N for an anionic (sodium
dodecyl sulfate, SDS), a cationic (hexadecyltrimethylammoniurn
chloride, HDTCl), and a nonionic (Brij 35) surfactant were determined. From eq 2 and 3 and experimental data, the estimated
values (with an error of *lo%) were found to be 60 (SDS), 50
[HDTCI], and 44 (Brij 3 9 , in reasonable agreement with literature values from light-scattering measurements: 62 (SDS), 59
(HDTCl), and 40 (Brij 35).13
Employing the pyrene method, we found the Clo018Cmicelles
M. Figure 4 shows a plot
to have a value of N = 88 at 2 X
of the measured value of N for Clo018C at 1 M alkali metal
chloride as a function of alkali metal cation. For comparison, the
value of t M for pyrene (from ZI/Z3 measurements) as a function
of alkali metal cation is given. It is clear from Figures 3 and 4
that log K , e, and N all correlate qualitatively with common factors.
(13) (a) Fendler, J. H.; Fendler, E. J. ‘Catalysis in Micellar and Macromolecular Systems”; Academic Press: New York, 1975. (b) Becker, P. J .
Colloid Sci. 1961, 16, 49.

The influence of KCI concentration on eM and N is shown in
Figure 5. Initially an increase in the concentrations of KCl causes
an increase in cM, but at ca. 3 M the value of tM reaches a plateau.
The value of N undergoes an initial decrease as the concentration
of KC1 is increased and then reaches a limiting value at ca. 3 M
KC1. Again there appears to be a correspondence between aggregation number and micropolarity experienced by pyrene.
Figure 6 shows the temperature dependence of t M for pyrene
dissolved in Clo018C micelles. In the presence and absence of
KCl, tM decreases monotonically with increasing temperature.
Interestingly, in the absence of salt the plot of eM vs. T i s nearly
linear.
In the presence of 1 M alkali metal halide, the cmc of C10018C
M (the cmc in the presence of 1 M
should be less than 2 X
KC1). The concentration of C,o018C was selected (2 X
M)
for the experiments shown in Figures 3-6 to be 10 times higher
than the cmc with 1 M KCI in order to ensure the existence of
micelles in the presence of high concentraton of salt.
Some of the micellar properties of C,,,018C under various
conditions are summarized in Table I.

Discussion
We seek to explain the interrelationships between K , tM, and
N for various cations and ClOOl8Cthat is suggested by that data
in Figures 1-6. Furthermore, we seek explanations based on
conventional concepts for ionic and nonionic micelles.
As a general rule in aqueous solution, the greater the
“disimilarity” between surfactant and solvent, the greater the
aggregation number and the lower the cmc.I4 For example, longer
hydrophobic groups for ionic micelles and shorter oxyethylene units
in nonionic micelles cause aggregation numbers to increase. The
(14) Rosen, M. J. ‘Surfactants and Interfacial Phenomena”; Wiley-Interscience: New York, 1978.
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addition of neutral electrolyte to solutions of ionic surfactants
generally causes an increase in aggregation numberI5 because of
a reduction in the neutral repulsion of the ionic head groups. The
effect of neutral electrolyte on the aggregation number of nonionic
surfactants is generally small,I5 because the addition of electrolyte
does little to modify the existing interactions of the hydrophilic
outer core. On the other hand, an increase in temperature usually
causes only small changes in the aggregation number of ionic
surfactants but often causes a large increase in the aggregation
number of polyoxyethyleneated nonionics.I6 The mechanism of
the salt effect on the properties of ionic surfactants differs from
that for nonionic surfactants. Added neutral electrolytes mainly
interact with the ionic atmosphere of the hydrophilic surface17
for ionic micelles, but may interact to salt in or salt out the
hydrophobic group of nonionic micelles.18
0
1
2
Salt effects on the properties of aqueous solutions of nonionic
[KCI]
(M)
surfactants have been extensively studied by measuring the change
in cloud point as a function of salt c o n c e n t r a t i ~ n . ’ ~The
~ ~ ~ ~ * Figure
~ ~ 7. The cmc values of Cl0018CK+ in the presence of KCI (0.5,
1, and 2 M).
decrease or increase in cloud point is defined as “salting-out” and
“salting-in” effects,lg respectively. Inorganic electrolytes may salt
TABLE 11: Parameters Calculated for the C,0018C-Clo018CKt
in or salt out aqueous solutions of polyoxyethylenated nonionics
Comicellar System
depending on the properties of the anion: water structuring anions
Ct, M
tend to salt out and water structure breaking anions tend to salt
in.’9920 For example, halide ions tend to salt out as a result of
Darameters
4.3 x 1 0 - ~
1 x IOw3
2 x 10-3
their water structuring ability. However, in the case of nonionic
0.27
0.27
X
0.27
crown ether surfactants, alkali metal halides increase the cloud
0.49
0.49
fl
0.49
0.91
0.91
0.91
point, a salting-in effect. The salting-in effect in these cases is
f2
2.4 x 10-5
1.9 x 10-5
CM,, M
4.3 x 10-5
due to the special contribution of alkali metal ion complexing to
4.5 x 10-4
4.7 x 10-4
CM,, M
3.9 x 10-4
the hydrophilic head group of the crown ether surfactant. This
-1.3
-1.3
B
-1.3
salting-in effect of complexing is compensated by a concurrent
salting-out effect of the anion on the water structure.
Ocmc of Clo018C ( C , ) is 3.3 X lo4 M; cmc of Cl0018CK+ (C2) is
As a cationic surfactant, Clo018CM+ is unusual since it
M; cmc of mixed surfactant systems ( C * ) is 4.3 X
5.8 X
The mole fraction of surfactant 1 in total surfactant (a)is 0.09; [KCI]
possesses a positive charge that is dispersed over the oxygen atoms
= 0.1 M.
of the crown ring and thus possesses a hydrophilic moiety that
is much larger than that of a typical cationic surfactant. In certain
be calculated assuming log K = 2.0.
respects this factor modifies the behavior of micelles containing
The calculated values of [CIoO18CKf]/C,at 0.5, 1, and 2 M
Clo018CM+ so that the properties of these micelles are interKCI are 0.98, 0.99, and 0.995, respectively, approaching a value
mediate between those of typical cationic micelles and nonionic
of 1 .O; it is reasonable to assume that the mechanism of the salt
micelles, Le., Clo018CM+is a “pseudocationic” surfactant. As
on the micelle remains constant under these concentrations. In
a result, suitable relations between cmc values and aggregation
this region, a linear plot can be obtained from log cmc vs. [KCl]
numbers and experimental observables must be devised for
(Figure 7). Then, the cmc of Clo018CK+(C,) can be estimated
CIo0l8CM+.
by extrapolating the line of log cmc vs. [KCl] to [KCl] = 0, Le.,
If we assume that comicelles of Clo018Cand Clo018CM+are
6X
M.
formed when an alkali metal, M+, is added to an aqueous solution
In the plot of y vs. [ClOO18C]shown in Figure 2 ([KCl] =
of Clo018C above its cmc, quantitative relations among the cmc
0.1 M), [Cl0018CK+]/C,above the cmc is nearly constant (e.g.,
of the mixed surfactant system (C*), the mole fraction of surthe calculated value from eq 3 is 0.910 at C, = 4 X
M and
factant 1 (ClOO18C)in a comicelle (x), and the cmc’s of the
0.0908 at C, = 2 X
M). Therefore, the cmc value of this
individual surfactants (C, for ClOO18Cand C2for CIo0l8CK+)
plot is assumed to be its c* so that a = 0.09. From the knowledge
can be expressed from a formulation proposed by Rubingh2’ (eq
of C,, C,, C*, and a, the x value can be calculated by eq 4 . An
4), where a is the mole fraction of surfactant 1 in the total mixed
interaction parameter, @, calculated by eq 6 on the basis of the
surfactant solution.
calculated x value, allows evaluation of the activity coefficients
x2 In ( C * a / C , x )
fl and f 2 of surfactants 1 and 2 from eq 7 and 8, respectively.
I =
(4)
(1 - xz) In [C*(l - a ) / C 2 ( l - x)]
@ = In (C*a/C,x)/(l - x ) ~
(6)
The equilibrium constant for ClOOl8C(eq 5) is not to be
(7)
K
ClOOl8C KCI Z Clo018CK+C1(5)
f2 = exp@x2)
(8)
substantially different from that for the parent crown ether ( e g ,
The
concentration
of
monomeric
surfactant
1
and
surfactant
log K = 1.7 for octyl 18-crown-64and 2.0 for 18-crown-6l). Thus,
2 (CM, and CM2, respectively) at a given C, can be calculated
[C10018CK+]as well as the ratio of [Clo018K+] to the total
from eq 9 and 10, respectively.
surfactant concentration (C, = [ClOO18C] [Clo018CK+])can
-(C, - A) + [(C,- A)2 4aC,A]’/2
CM, =
(15) Makowick, A. M. Ind. Eng. Chem. 1955, 47, 2175.
(9)
2Cr;C2/flC,) - 1
(16) (a) Mankowick, A. M. J . Am. Oil Chem. SOC.1965, 42, 185. (b)

-

+

+

Nakagawa, T.; Shinoda, K. “Colloid Surfactants”; Shincda, K., et ai., Eds.;
Academic Press: New York, 1963.
(17) Corrin, M. L.; Harkins, W. D. J . Am. Chem. SOC.1947, 69, 684.
(1 8) Mukerjee, P. Adc. Colloid Interface Sci. 1967, I , 241.
(19) Schott, H.; Han, S . K. J . Pharm. Sei. 1975, 64, 658.
(20) Herrmann, C.-U.; Wurz, U.; Kahlweit, M. ‘Solution Chemistry of
Surfactants”; Mittal, K. L., Ed.; Plenum Press: New York, 1979; Vol. 2, p
879.
(21) Rubingh, D. H. “Solution Chemistry of Surfactants”: Mittal, K. L.,
Ed.; Plenum Press: New York. 1979; Vol. I , p 337.

+

CM2 = (1 - CM,/flC,)f2Cz

(10)

where
A = fZC2 -f,C,

The values of x , f l , f 2 ,CM,, and CM2 calculated from the above
equations are given in Table I1 for three points above the cmc
in Figure 2. The following conclusions are derived from the
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calculations: (1) The mole fraction of C10018Cin the mixed
micelles remains constant above the cmc. (2) The monomer
concentration of Clo018C decreases as the total concentration
of surfactant is increased above the cmc. (Since, above the cmc,
[Clo018CK+] is the sum of monomeric Clo018CK+ in the
aqueous phase and C l o 0 1 8 C K + in the micellar phase,
[Clo018CK+]/C,is approximately constant, but CMz/C, is not
a constant.) (3) The interaction parameter remains constant above
the cmc. (4) The activity coefficients of ClOOl8C and
Clo018CK+in the mixed micelle remain constant at 0.49 and
0.91, respectively, above the cmc. We now employ these conclusions to assist in a mechanistic interpretation of the data in
Figure 2.
The constant composition of the mixed micelles in the presence
of KC1 above the cmc (conclusion 1, above) is responsible for the
constant value of Z,/Z3 shown in Figure 2. The decrease in the
monomer concentration of Clo018Cin the presence of KCl above
the cmc (conclusion 2, above) is responsible for the increase of
7 , since less surfactant monomer is available to operate on the
water/air surface.
As [KCl] is increased from 0.1 to 1 M, the x value as calculated
by the above method decreases from 0.27 to 0.18, consistent with
our interpretations. This result confirms the suitability of the
model for analyzing the solution composition for the
CloOl8 C / C l o 0 18CK+ system.
Figures 3 and 4 demonstrate a clear correlation between the
parameters tM, aggregation number, and the binding constant for
the various alkali metals, M+, to Clo018C. The complexing
efficiency of M+ to a crown ether depends on the “fit” of M+ in
the crown; Le., the binding depends on both the size of the crown
ring and the ionic diameter of the cation.z2 For Clo018C,the
ionic diameter of K+ is optimal for the “best fit”. The increase
of tM with increasing K (Figure 3) is attributed to an increase
in the micropolarity experienced by solubilized pyrene. As the
metal binding efficiency increases, the fraction of cationic surfactants in the mixed micelles increases. Thus, for a given concentration of C10018Cand salt, pyrene, which tends to be located
in the inner layer of micelles, experiences a greater number of
contacts with cationic surfactants and water as K increases.
The aggregation number of ionic surfactants is typically smaller
than that of nonionic surfactants of comparable structure. This
difference in behavior is usually attributed to the smaller repulsions
between the hydrophilic moieties of nonionic detergents relative
to ionic detergents. An alternate accepted description emphasizes
the greater water solubility of ionic surfactants relative to comparable nonionics.14 The decrease in aggregation number (Figure
4) with increasing metal binding is attributed to the same factor
which causes an increase in eM with increasing metal binding, Le.,
an increasing content of Clo018CM+in the comicelles. The latter
factor causes the comicelles to become “more ionic” in character
than the pure nonionic micelles. Greater head-group repulsions
and enhanced water solubility cause the aggregation number to
decrease. Thus, the addition of K+ results in the strongest binding
to the crown, the largest concentration of CloO18CM+ in the
comicelles, and the smallest aggregation number. Similarly,
addition of K+ increases the cmc (Figure 1) to the greatest extent
of any added alkali metal.
These results and their interpretation are consonant with reports
that added alkali metal salts selectively increase the cloud point,
the cmc, and the foaming properties of surfactant crown ether^.^
(22) Vogtle, F. “Host-Guest Complex Chemistry I and 11”; Springer-

Verlag: West Berlin, 1981.
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For example, the cloud point of C10018Cis significantly increased
by added KCl. Thus, the same working hypotheses of comicelle
formation, the compositional variation of comicelles with added
alkali metal, and the variation of binding efficiency of metals to
the crown can rationalize the variation of cmc, tM,cloud point,
fdaming properties, and aggregation numbers of Cl0Ol 8C with
variation in concentration and structure of added alkali metal salts.
We now consider the influence of variation of salt concentration
on the parameters tMand N (Figure 5 ) . Salt effects or neutral
electrolyte effects on the properties of nonionic surfactants are
usually small but tend to “salt out” nonionic mi~el1es.I~
In the
case of Clo018CK+ a “salting-in” effect occurs in competition
with a “salting-out” effect of the neutral Clo018C. From Figure
5 , we deduce that the “salting-in” effect dominates in the region
[K+] = 0-1 M. In this region, e and N increase with increasing
[K+]. Above 1 M the “salting-out” effect becomes noticeable and
the result is a slower increase in 6 and decrease in N with increasing
[K’]. Above 3 M, changes in both the micellar composition and
the water structure upon increasing salt concentration continue
to influence micellar properties. The opposing salting-in and
salting-out effects tend to compensate one another. As a result,
above 3 M further increase in [KCl] does not appreciably change
N o r tM. The cloud point of C10018Cincreases sharply in the
range [K+] = 0-1 M and then experience a slight decrease in the
range [K+] > 3 M (Table I).
It is interesting to note (Figure 6) that, with and without salt,
t M continues to decrease with increasing temperature above the
cloud point (63 and 20 OC, respectively). Since the pyrene solubility in water (ca. 3 X lo-’ M) is much smaller than that in
micelles or in dodecane, probe molecules are assumed to be nearly
completely solubilized in the micellar phase above the cloud point.
Increasing temperature is known to increase the aggregation
number of nonionic micelles.I6 An increase in aggregation number
and a concomitant increase in micelle size produce a larger hydrophobic core for the pyrene probe to explore. As a result, the
average polarity experienced by the pyrene probe decreases. These
results suggest that comicelles continue to exist above the cloud
point.

Conclusion
The behavior of the crown ether surfactant C10018Cabove the
cmc in the presence of alkali metal salts is consistent with the
formation of comicelles of a nonionic surfactant ClOOl8Cand
a ionic surfactant CloO18CM’. The polarity, tM, experienced
by a pyrene probe, the aggregation number of the comicelles, N ,
the magnitude of the cmc, and the cloud point are all dependent
on the fraction of cationic surfactant in the comicelles. The higher
the fraction of Clo018CM+,the more the comicelles behave like
ionic micelles. Thus, for a given concentration of added salt the
largest effects are found for K+ since this ion possesses the largest
binding constant with Clo018C. The increase in eM with added
salt is attributed to an increase in the polarity of comicelles which
contain Clo018CM+components. The increase in cloud point,
decrease in N , and the increase in cmc with added salt are attributed to the same factor.
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