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Investigation of Micellar Media Containing f-Cyclodextrins by Means of Reaction Kinetics:
Basic Hydrolysis of N-Methyl- N-nitroso-p-toluenesulfonamide

L. Garcia-Rio and J. R. Leis*
Departamento de Qmica Fsica, Facultad de Qunica, Uniersidad de Santiago, 15706 Santiago, Spain

J. C. Mejuto and J. Paez-Juste
Departamento de Qmica Fsica y Qumica Organica, Facultad de Ciencias, Umérsidad de Vigo, Vigo, Spain

Receied: March 6, 1997; In Final Form: June 30, 1997

The kinetics of the basic hydrolysis ®-methylN-nitrosop-toluenesulfonamide were studied in media
containing sodium dodecyl sulfate (SDS) or tetradecyltrimethylammonium bromide (TTABr) micelles and
pB-cyclodextrin (CD). Under the experimental conditions, [NaOH]0.17 M, all CD will have been
deprotonated; thus, binding constants apply to the CD anion. The results have been interpreted in terms of
a pseudophase model that takes into account the formation of betls@factant and CBsubstrate complexes

and also, for TTABr systems, the exchange of Bind OH ions between the micellar and aqueous
pseudophases. The presence of CD has no effect on existing SDS or TTABr micelles but raises the cmc:
complexation of surfactant by cyclodextrin makes the cmc dependent on CD concentration because the cmc
is now the sum of the concentrations of free and complexed surfactant when micelles begin to form; increasing
[CD] reduces the former quantity but increases the latter to a greater extent. At surfactant concentrations
above the cmc, competition between the micellization and complexation processes leads to the existence of
a significant concentration of free cyclodextrin.

Introduction complexation of surfactants have been based on measurements
) o ) of conductivity® fluorescencé surface tensiohand ultrasound;
Cyclodextrins are cyclic oligomers of-p-glucose linked by ynfortunately, the equilibrium constants reported for cyclodex-
o-(1—4) bonds. Natural cyclodextrins are classifiechasf-, trin—surfactant complexation depend greatly on the technique

or y-cyclodextrin according to whether they have six, seven or yseq to obtain them. The value of conductimetric methods for
eight glucose units respectivelyTheir importance stems from  this purpose has been questiorfed.

their ability to form inclusion complexes, which derives from
the gross geometrical form of their molecules being a truncated complexation, and although it is recognized that the addition

hollow cone that is able to accommodate small organic ot cyciodextrin to aqueous surfactant solutions greatly affects
molecules of sunablg size, shape, and polarity. A commonly o physicochemical properties of the la#®there has been
used rule of thumb is that-, §-, and y-cyclodextrin snugly iy research either on how cyclodextrins affect the properties
a_lccon;modate benzene, naphthalene, and anthracene respegs ihe micelles that are formed at sufficiently high surfactant
tively. concentrations or on how the presence of micelles affects the
Because of their ability to form inclusion complexes, cyclo- pehavior of cyclodextrins. It seems generally to have been
dextrins can influence the rate and/or selectivity of certain assumed that micelles are only formed once all the cyclodextrin
chemical reactiond.either by simply sequestering one of the present has been rendered inactive by complexation with
reagents or, in some cases, because a deprotonated cyclodextrigyrfactant monomers. The lack of experimental investigation
hydroxyl group catalyzes the rearrangement of a guest mofécule. of this assumption is all the more surprising given that micelles,
Catalytic processes of this latter kind have been regarded as gike cyclodextrins, can influence reaction ratésn principle,
model of enzyme action. their presence could augment or counteract the rate-controlling
The kinetic effects of cyclodextrins have led to intense effects of cyclodextrins, depending on the reaction in question.
research on their complexation properties. Initially, most of  Micellar effects on bimolecular reaction rates are due mainly
the substrates used were aromatic dyes and other molecules withio the increase or decrease of reactant concentration in the
strong chromophore€$;® but in recent years there have been micellar pseudophaséand the changes in the reaction rate with
numerous studies of complexation of surfactants, whose chainsurfactant concentration often can be explained quantitatively
length and head groups can be varied systematically. The CD in these term3! Generally it is easier to evaluate the partition
surfactant complexation are due to the ability of the CD to screen of hydrophobic reactants between the aqueous and micellar
the hydrophobic groups of surfactant molecules from contact pseudophases. In the case of hydrophilic ions it is generally
with the aqueous medium forming inclusion complexes in which assumed that counterions compete to get the ionic positions on
the surfactants hydrophobic chain is inserted in the CD cavity. the micellar surface. The fractioff) that is neutralized by
In the case of common water-soluble ionic surfactants, the counterions is approximately constaht. This general ap-
magnitude of the interaction between cyclodextrin and the proximation has been applied satisfactorily to determine rate
hydrocarbon chain of the surfactant molecule increases with and equilibrium constants in micellar systets.
chain lengtt. The techniques most often used to investigate | the work described in this article we studied the influence
of B-cyclodextrin on the behavior of agueous systems containing
€ Abstract published ilAdvance ACS Abstractéyugust 15, 1997. either sodium dodecyl sulfate (SDS) or tetradecyltrimethylam-
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In spite of the numerous studies on cyclodextraurfactant
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monium bromide (TTABr) by determining the kinetics, in these
media, of the basic hydrolysis df-methylN-nitrosop-tolu-
enesulfonamide (MNTS), a molecule whose geometry and
polarity suggested the possibility of its forming an inclusion
complex withg-cyclodextrin and whose basic hydrolysis occurs
by nucleophilic attack by hydroxyl ions on the MNTS Sgoup
(Scheme 1}* This reaction has been studied previodzin

the presence of SDS or TTABr micelles.

OH .
——Y CH3 ﬁ—o + CH30H+N,
o

Experimental Section

SDS, TTABr, ang3-cyclodextrin (CD) were Sigma products
of the highest available purity and were used without further
purification. MNTS was purchased from Merck. Because of
its poor solubility in water, aqueous solutions of MNTS were
prepared by adding to water a small quantity of a solution of
MNTS in acetonitrile; the final acetonitrile concentration in the
reaction medium was 3% (v/v).

All CD will have been deprotonated under the basic condi-
tions used in this work (8,°°P=12.29); all [OH~] values quoted
in what follows are the result of subtracting CD concentration
from the concentration of NaOH used to basify the medium.

Reaction kinetics were recorded by measuring absorbance
due to MNTS at 250 nm in a Kontron Uvikon 930 or Milton
Roy Spectronic 3000 diode array spectrophotometer with a cell
holder thermostated at (2500.1) °C. The MNTS concentra-
tion was always 5.0< 1074 M and [OH™] > 0.1 M, and first-
order pseudoconstantg were obtained by the integration
method, fitting the experimental absorbantiene data with
equations of the form

(A~ A) = In(Ag — A) — kit (1)

where Ay, A;, and A., are the absorbances at timest0and
infinity respectively. In all cases, good agreement between
observed and optimized valuesAf confirmed that under these
conditions the reaction was of first order with respect to MNTS.
All experiments were repeated at least three times, and the
corresponding values & were always within 3% of each other.

Results and Discussion

Basic Hydrolysis of MNTS in the Presence off-Cyclo-
dextrin. The presence of CD inhibits the basic hydrolysis of
MNTS (Figure 1). The observed inhibition of the reaction by
CD is attributed to the formation of an inclusion complex
(MNTS—CD) between MNTS and CD: since the negative
charge on the dissociated CD will repel Okbns, complexed
MNTS will be unreactive (there was no evidence of reaction
between MNTS and the dissociated CD hydroxyl group).

The above considerations, formalized in Scheme 2, imply that
ko is given by the expression

ky[HO']

~ (1 F KunrelCD)) @)
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Figure 1. Influence of [CD] onk, the first-order pseudoconstant for
basic hydrolysis of MNTS. [OH = 0.17 M.
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Figure 2. Influence of [SDS] orko, the first-order pseudoconstant for
basic hydrolysis of MNTS, in the presence of CD concentrations of
2.25x 107° M (@) and 9.00x 1072 M (O). Curves are the results of
fitting eq 8 to the experimental data as described in the text.

SCHEME 2
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constant for formation of MNTSCD complexes, will be used
in what follows.

Basic Hydrolysis of MNTS in -Cyclodextrin/SDS Mix-
tures. In the absence of cyclodextrin, micelles of the anionic
surfactant SDS inhibit the basic hydrolysis of MNTS because
attacking OH ions cannot approach MNTS borne by the
negatively charged micellés. In this work, the influence of
SDS concentration oky in the presence of CD was determined
by varying [SDS] between the premicellization value of 3.33
x 1074 M and the postmicellization value of 0.25 M in series
of experiments in which CD concentration was fixed at 135
1073, 2.25x 1078, 4.50x 1073 or 9.00x 102 M. In each
series (Figure 2 shows the results of two of theka)ncreased
with [SDS] until reaching a peak, after which it fell as it does

The good fit between eq 2 and the experimental results in the absence of cyclodextrin. Increasing CD concentration
(Figure 1) and the agreement between the resulting estimate ofdecreased the peak valuelgfand increased the SDS concen-

ky = (7.994 0.09) x 102 M~1 s 1 and those obtained in water
without CD'15 corroborate the validity of Scheme 2. The
resulting estimate of 226 9 M~ for Kynts, the equilibrium

tration at which it occurred.

Substrate complexation in surfactai@D mixed systems
seems to depend strongly upon substrate Siz&herefore,
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pyrene and naphthalene complexation y@#&D in the presence monomers with CD (SDS-CD), with displacement of MNTS
of surfactants shows different behavior. Pyrene size is excessiveto the aqueous medium (see Scheme 3B), thereby increasing

to totally accommodate itself in th&CD cavity. In this way, reactive [MNTS] and henceg until the concentration of
its association constant is considerably smaller than naphtha-uncomplexed SDS (SQQ) is high enough for SDS micelles
lene’s (44 and 850 NI respectively). SurfactantCD com- to form.

plexation excludes water molecules originally in the CD cavity  In view of the well-known behavior of surfactants in the
that become more hydrophobic. This hydrophobicity increase absence of other additives, it may be assumed that {SPS
due to surfactant complexation must be responsible for the remains constant when total SDS concentration is increased
increase of pyrene complexation constant with CD in presence beyond the point at which micelles begin to form. In view of
of surfactant. Naphthalene shows an opposite behavior: i.e.that, free cyclodextrin concentration ([@Pand [SDS-CD] will
the complexation constant with CD decreases steeply in thetherefore also have been constant above the micellization point
presence of surfactant. Naphthalene size allows us to predictunder the experimental conditions used in this work, because
that it will be totally incorporated to the CD cavity. Then the MNTS concentration was much too low for MNTS-CD to
surfactant complexation with CD causes an unfavorable situationconstitute a CD reservoir comparable with the variation in
for the inclusion of naphthalene in its cavity as was reported [SDS]. Once the micellization process starts, a competition
by Hashimoto and Thomds. between two phenomena is established: SDS-CD complexation
In our case MNTS size makes likely its accommodation inside with the corresponding MNTS expulsion to aqueous media that
the CD cavity, and so surfactant presence will show an effect increasek, and, on the other hand, MNTS association to the
on MNTS complexation qualitatively similar to that of naph- micelles. As it is an anionic micelle, simple electrostatic
thalene. considerations let us exclude the presence of ldthe micellar
According to these ideas the experimental behavior observedsurface. The effect of MNTS association to the micelle is
can be explained qualitatively considering the different com- reflected as a decrease in concentration of reactive MNTS
plexation/micellization simultaneous processes. The pseudo first(MNTS concentration in aqueous medium) and consequently
order rate constank{) extrapolated to zero concentration of slower reaction rate (see Scheme 3C).
surfactant is significantly lower than that observed in pure water ~ Above the micellization point, all variation it is due
(see Scheme 3A). This behavior is due to the associationexclusively to increasing association of MNTS with SDS
between MNTS and CD. This association decreases the reactivemicelles (see Scheme 3D), and we may therefore identify the
MNTS concentration present in aqueous medium. Tkus  SDS concentration at whicky peaks as the point at which
values for each CD concentration correspond to the valuesmicellization begins and define this value of [SDS] as the [CD]-
obtained in the previous section for experiments in the absencedependent critical micellization concentration, ggac Note that,
of SDS. above the micellization point, just as the conventional cmc of
For small SDS concentrations (before the micellization), SDS a surfactant solution with no other additives satisfies the equation
addition to the reaction medium produces complexation of SDS [SDS} = [Dy] + cmc ([Dy] being the micellized surfactant
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TABLE 1: Results of Fitting Equation 8 to Experimental Data for the Basic Hydrolysis of MNTS in f-Cyclodextrin/SDS
Mixtures?

[CDI'M CMCap/M [CD]¥/M CMGealM K/M~1 ky/M~1s72
o° 1.00x 1073 108 8.36x 1072
1.35x 10°3 1.80x 10°3 2.12x 104 6.62x 104 88+ 13 (7.7+£0.2) x 102
2.25x 1073 2.46x 1073 3.02x 10 5.15x 10 103+ 6 (7.894 0.08) x 1072
450x 1073 4.00x 1073 9.47x 104 4.74x 104 96+ 8 (8.0+£0.1)x 102
9.00x 1073 7.00x 1073 2.32x 1073 3.20x 10 78+ 10 (8.6+£0.2) x 1072

aKsps = 80004 500 ML, Kynts = 226 ML, P Taken from ref 15ak, value was obtained in 12% (v/v) etharabater mixtures.

SCHEME 4 C
MNTS-CD
0.012
K Kgps=8000 M
l MNTS B Kops=7000 M
Kps 2 0011 | Keoszo000 W
B-CD +  SDS monomer ®—— SDS-CD vy Keps=5000 M
N L
kw 0.01 |
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m Figure 3. Results of fitting eq 8 to the experimentat{SDS] data for
[CD] = 2.25x 107 M using the optimal cmep; and various different
concentration), so crgg, satisfies the equation [SDS¥ [Dn] tentative values oKsps (8000, 7000, 6000, and 5000 19).
+ cmGyyp this follows that at the micellization point cryp =
[SDS] = [SDS-CD] + [SDSnod and the fact that [SDS-CD] ¢ _ _[SDS~CD] _ [MNTS-CD]
and [SDS.q are constant when [SDS] is varied above the ~ >°° [SDS,,JICD{] MNTS — [MNTS],[CD/]
micellization point (when [SD$on = CMGea). [MNTS],,
. . . K —
The above behavior may be explained on the basis of the s —[MNTS]W[Dn] @)

pseudophase model shown in Scheme 4, in which distribution

of the reagents in the two pseudophases (aqueous and micellar . . .
is considered. The global reaction rate is assumed to be)ﬂllows the following expression for the pseudo first order rate

exclusively the reaction at the aqueous pseudophase due toconstant asa functlpn of the free CD and micellized surfactant
concentrations ([R)):

electrostatic considerations (eq 3)

) _ klHOT] .
r = k,[HO ],[MNTS], @) o= 1+ Kynts[CDy] + KJD,] ®)

According to Scheme 4, total CD concentration can be expressed The free CD concentration can be obtained as a function of
as total CD concentration, total surfactant concentration, and total
MNTS concentration, from the following third-order equation:

[CD]; =[CDy] + [MNTS—CD] + [SDS-CD] (4) [CDJ? + BICDJ? + y[CD] — [CD], = 0 ©)

and the total surfactant concentration can be expressed as thgyhere
sum of free SDS monomers, SDS-CD complex, and micellized
surfactant. o = KgpKunrs (10)

[SDS} =[SDS,,,] + [SDS-CD] + [D,] (5) B ={Kspst Kynrs T KuntsKspd[SDS); — [CD]; +
[MNTS];)} (11)

In the same way, the total MNTS concentration will be given . B
by the sum of MNTS concentration in the aqueous pseudophase’ — {1+ Kspd[SDS}; — [CD]y) + Kgp[MNTS]¢
(IMNTS].), MNTS—CD complex concentration, and MNTS [CDID} (12)

concentration in the micellar pseudophase ([MN{)S]
The validity of Scheme 4 was tested by fitting eq 8 to the

experimentaky-[SDS] data by means of a two-tier optimization
process in which the optimized variables were ggdsps
(published values of which differ widely), ankl, and Ks

As is usually assumed for the micellar systems, the concen- (comparison of whose optimized values with published values
tration of micellized surfactant was taken as total surfactant served as a test of the quality of the fit); finTs, the value
concentration minus crag In the presence of CD, the capg 226 + 9 M1 obtained in the previous section was used. For
will be the concentration of free monomers plus [SBED]. each of a number of systematically varied pairs (gn&sp9
The use of conventional definitions fétsps Ks, and Kunts (cmggppWwas stepped by & 107> M andKsps by 500 M%), eq

[MNTS]; = [MNTS],, + [MNTS—CD] + [MNTS],, (6)
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Figure 4. Influence of [TTABTI] onko, the first-order pseudoconstant
for basic hydrolysis of MNTS, in the presence of CD concentrations
of 3.60x 1073 M (@) and 9.00x 1072 M (O). Curves are the results
of fitting eq 13 to the experimental data as described in the text.
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9 was solved for [SDS] values between 0 and ggand the
resulting values of [CB were used to fit eq 8 to the
experimental data by standard optimizatiorkgfandKs (in all
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respectivelyt>@ This supports the model and, in particular, the
assumption that the properties of the SDS micelles themselves
are not affected by the presence of CD in the medium. The
model is further supported by the finding that for all CD
concentrations the optimized valuekdpswas the same, 8000
M~L This value is within the range of published values, but
then this range is so very broad (2425600 M-1)5ac.d.6a,7b.17
that this is hardly an accreditation. It seems likely that part of
the reason for the great variation in published valueK&fs
must have been failure to treat the micellization and CD
complexation processes as competitive at SDS concentrations
above the micellization point; the generally used assumption
that CD becomes saturated before micellization starts clearly
contradicts the appreciable values of [ calculated in this
work (Table 1).

The cmgpp values obtained for different CD concentrations
are in every case inferior to the SDS critical micellar concentra-
tion in the absence of CD (8t 1073 M). In our experiments
the presence of a high concentration of H@ill produce a
lower cmc values of SDS as is well-known in the literatthre.

cases, eq 9 had exactly one real root, which as required layTo sum up, the presenteof CD, as well as other organic

between O and [CD]). The (cm Kspg pair for which
optimization ofk, andKs afforded the least root-mean-square
deviation from the experimental data was taken as optimal.

The results are listed in Table 1 and for [CB]2.25x 1073
and 9.00x 103 M are shown as curves in Figure 2. For [CD]
= 2.25x 1073 M, Figure 3 compares, for the optimal value of
CMGypp the behavior of curves fitted with optimal and suboptimal
values ofKsps in the neighborhood of the micellization point;
varying cmeppfor fixed Kspsshifts the fitted curves horizontally
and is accordingly harder to evaluate visually.

The optimized values d&, andKs are essentially independent
of [CD] and agree satisfactorily with the values obtained in the
absence of CDi, = 7.99x 102M~ts !t andKs= 108 M~?

SCHEME 5
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molecules? induces ionic surfactant aggregation beneath the
cmc.

Basic Hydrolysis of MNTS in f-Cyclodextrin/TTABr
Mixtures. In this work, the influence of TTABr concentration
on ko in the presence of CD was determined by varying
[TTABr], usually between the premicellization value of 3.33
x 1075 M and the postmicellization value of 0.12 M, in a series
of experiments in which CD concentration was fixed at 360
1073 4.99x 1073 6.75x 1073, or 9.00x 1073 M. In each
series (Figure 4 shows the results of two of thekgexhibited
the same kind of [TTABr] dependence as in the absence of
CDMaincreasing rapidly with [TTABr] until reaching a peak
and falling gradually thereafter.
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TABLE 2: Results of Fitting Equation 13 to Experimental Data for the Basic Hydrolysis of MNTS in f-Cyclodextrin/TTABr
Mixtures?

[CDI/M CMCapdM [CD]#M CMGealM KJM~1 ko/M~1 571 kK/M-1st
oP 1.2x 1073 218 8.36x 1072 1.09x 1072
3.60x 1073 4.00x 1078 1.91x 10 5.91x 104 218 7.10x 1072 9.70x 1078
4.99x 1073 5.25x 1073 2.84x 104 5.44x 104 218 7.10x 1072 1.03x 10?2
6.75x 1078 7.25x 1078 2.76x 104 7.76x 104 218 7.50x 1072 1.04x 1072
9.00x 1073 9.50x 1073 3.40x 104 8.4x 104 218 8.50x 1072 1.05x 1072
a Kyragr = 300004 1000 M L, Kynts = 226 ML P Taken from ref 15ak,, value was obtained in 12% (v/v) etharabater mixtures.
SCHEME 6 o= ky[HO ] + (kK — K, )Mo D] 13
MNTS-CD =
1+ KMNTS[CDf] + Ks[Dn]
K .
T l MNTS where the rate constants, andky, refer to the micellar and
K B aqueous pseudophases respectively. They are related to the
BCD + TTABr,, _ = TIABr-CD pseudo first order rate constants, and k,’, as usual for
+ micellar systems (eq 14).
k
MNTS |, + OH ———%> Products OH"/ Br B k. [HO 1.,
" ki =k[HOT], k==
Water Pseudophase Ks K Br [ n]
Micellar Pseudophase * | " _ [Hoi]m (14)
MNTS,, + OH —— 5 Producs B [OH Mon = Dyl

The application of the ionic interchange model allows us to

Experimental results can be explained qualitatively as shown . . .
obtain the following expression for ¢n

in Scheme 5. Thég value extrapolated to zero concentration
of TTABr decreases when CD concentration increases. This [HO ], + KHO[Brf]
effect is attributed to MNTS complexation with CD in the n2 , —m,, T B T_
absence of surfactant as was proposed previously for-SDS (Kg? —1)[D,]
CD systems (see Scheme 5A). This complexation will cause a BHO ]
decrease in the free MNTS concentration in the aqueous medium T =0 (15)
with a following decrease in the reaction rate. (KE° — 1)[D,]
The catalytic effect observed when [TTABI] increases
depends on CD concentration. Higher CD concentrations yield Wheref is the fraction of micellar charge that is neutralized by
bigger catalytic effects. This catalytic process is explained by counterions. Conductimetric measurements carried out using
the means of the existence of two simultaneous processes. Firstioffmann’s metho# on TTABr/CD and SDS/CD mixtures
the TTABr monomer complexation with CD expels MNTS from  showed that in all these systems the valug ofas very close
the MNTS-CD complex, transforming it into reactive MNTS 10 its usual value in the absence of Gb= 0.8.
(see Scheme SB) When the TTABr concentration increases’ Equation 13 was fitted to the eXperimental data in essentia”y
micellization will start, and therefore the catalytic effect of the same way as described in the previous section for eq 8,
TTABr micelles in basic hydrolysis will be added to the former €xcept that (a) the variables optimized for each (gm&rraer)
(see Scheme 5C). pair werek, and km; (b) the value ofmon was obtained for
In the presence of TTABr micelles, MNTS will be distributed  €ach value of [TTABr] by solving eq 15 witkg" = 23 (the
between the aqueous and micellar pseudophases. In this cas¢/alue obtained in the absence of CBJ) in view of the earlier
as it is a cationic micelle, HOwill be present at the micellar ~ finding that CD did not alter the equilibrium constant for
surface. The global reaction rate will be the sum of the aqueous@ssociation of MNTS with SDS micelles (see previous section),
and micellar pseudophases rates. The reaction rate will goKs was fixed at the value obtained in the absence of CD, 218
through a maximum when TTABr concentration is increased. M™1.1°" The results are listed in Table 2 and, for [CB]3.60
The existence of this maximum is justified on the basis of two x 1073and 9.00x 1072 M, are plotted as solid curves in Figure
effects associated in the pseudophase model with ionic inter-4-
change. The addition of TTABr increases the relative concen-  In keeping with the model, the optimized valueskafragr,
trations of MNTS and HOin the Stern layer (see Scheme 5C), kw, andky, were essentially the same for all CD concentrations.
which gives as a result an increase in the reaction rate. WhenThe values ok, andkn, were in keeping with those obtained
the surfactant concentration goes on increasing, iBns are  in the absence of CD, anblrragr was within the range of
added to the medium. These are nonreactive counterions. TheyPreviously reported values, 96384000310 although, as in
compete with HO ion in the Stern layer inhibiting the reaction ~ the case 0Ksps this range is so very wide that it affords little
(see Scheme 5D). The relative contribution of these two support for the value found in this work. As in the case of
associated factors gives rise to the experimental maximum. SDS/CD systems, increasing [CD] increases ggwnd there
The above behavior may be explained quantitatively in terms 1S @lways an appreciable concentration of uncomplexed CD, but
of the pseudophase ion exchange model illustrated diagram-CD a@ppears to have no influence on the properties of the
matically in Scheme 6, which in addition to processes analogous Micelles themselves, once they have formed.
to those of Scheme 4 includes the micellar phase reaction and .
an ion exchange equilibrium between OHBNd Br ions in the Conclusions
aqueous and micellar pseudophases. Investigation of the kinetics of the basic hydrolysis of MNTS
Scheme 6 implies thd¢ is given by in aqueous mixtures of cyclodextrin and surfactant has shed
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light on the influence of cyclodextrin on the behavior of the
surfactant. Cyclodextrin has no effect on the properties of

surfactant micelles once these have formed (in particular, it does

not alter 8, kn, or K, the partition constant governing the
distribution of MNTS between the aqueous and micellar

pseudophases), but it increases the total surfactant concentratioh865-

at which micelles begin to form (crgg) and reduces [Sugb]max
(cmGea), the concentration of surfactant that remains in
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CMGypp The increase in cmg, with [CD] is due to complex-
ation of surfactant by cyclodextrin, which reduces the concen-
tration of surfactant that is free to form micelles. The reduction
in CMGea IS Unexplained but agrees with previous reports of
the effects of CE® and other organic molecufgson micelli-
zation.

At total surfactant concentrations higher than ggpocom-
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Reinsborough, V. CCan. J. Chem1989 67, 1550.
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petition between the micellization and complexation processes 1243. (c) Junquera, E.; Tardajos, G.; Aicart,LEBngmuir1993 9, 1213.

results in the presence of an appreciable concentration of

uncomplexed cyclodextrin, which is the same for all total
surfactant concentrations above ggac Traditionally, surfac-
tant=CD complexation constant values have been obtained from
changes in cmgp caused by the presence of CD. These

methods would be useless due to the existence in the solution,

of a significant amount of noncomplexed CD. The difference
between cmg, and total CD concentration does not show the
monomer concentration present in the medium ¢gghc In fact,
evidence was reported in the literature aboutggwalues lower
than the total CD concentratidh. The results in Tables 1 and

2 show that free monomer concentration in equilibrium (eghc
depends on CD, in agreement with recent re$bttsat report
evidence that the presence of CD induces surfactant aggregatio
under the cmc.
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